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EXECUTIVE SUMMARY

Overview

In 2002, FHWA awarded a field operational test® Yirginia Department of Transportation entitled
(VDOT) Traffic Management Center (TMC) Applications of ived Data Operational Testhe intent
of the operational test was to use archived dagdféat transportation operations and management
decisions. However, because an ADMS has valuenio@ variety of stakeholders (14, as identified in
the ADUS Standards Strategic Plafie scope of ADMS Virginia was expanded to inelaghplications
for transportation planners as well as operatofihe operational test was to build on the curréatesof
the practice in ADMS design.

With regard to operations, algorithms supportingiotss Advanced Traffic Management Systems
(ATMS) and Advanced Traveler Information SystemsTIi®) functions were to be considered.
Performance measurement of TMC functions was amphasized in the RFA. Since performance
measurement overlaps with the activities of transpion planners, their inclusion in the developimen
process was a natural extension of the projectipesc

A team led by VDOT’s ITS Division was selected talertake this operational test. The project was
named ADMS Virginia and this term is used throughbis report to reference the project. VDOT led
the effort with a team that included the Universifyirginia (UVA) Center for Transportation Studie
(CTS) and George Mason University (GMU). UVA subitaoted the software development part of the
project to Open Roads Consulting, Inc. (ORCI). €gaipment necessary for the project is hostedeat th
Smart Travel Laboratory (STL), a joint facility ¥DOT and UVA that is located on the campus of
UVA.

The project design and deployment process wasetivilsto four phases or “builds” with each
successive build providing incremental supporthefpreceding services, rather than a single syatem
the end of the project period. The build approaeals wsed to identify important features of the syste
and the interface, and to apply the institutiomal gechnical lessons learned in the early buildater
builds. Builds 1-3 concentrated on developinglly faperational ADMS for the Hampton Roads area,
with each successive build adding new functionsildB4 entailed the expansion of the ADMS to the
Northern Virginia District of VDOT (NoVA), which iocated in the Washington, D.C. Metropolitan
area. Builds 1 through 3 completed the requiremehthe original scope of work for the FOT. At the
completion of Build 3, sufficient funds remainedstgpport a fourth build. A proposal was submitied t
and approved by FHWA to extend the project scopkesml date to develop Build 4, extending the
system to incorporate data from NoVA. The systentfionality developed in Builds 1-3 was the same
for both regions.

Operations Centers

Northern Virginia Smart Traffic Center

The Northern Virginia Smart Traffic Center is athitgch communications hub situated in Arlington
near the Pentagon. Controllers in this Traffic @eotversee more than 100 miles of roads. Thersyste
operates ramp meters, dynamic message signs (DKig§kyyay advisory radio (HAR), and supports
incident management activities.



The Center also monitors the usage of HOV lanemte$zand gate groups are used to reverse HOV lanes
to accommodate the traffic flow heading north aast & the morning and south and west in the
afternoon.

Hampton Roads Smart Traffic Center

The Freeway Traffic Management System installati@Hampton Roads Smart Traffic Center
originally consisted of an extensive computer aalted, fiber-optic based communications and control
network installed along 19 miles of the area fregn& 64, -264 and [-564), 38 closed circuit teteon
cameras, over 60 dynamic message signs stratggicaditioned across the entire Hampton Roads
region, Wide-Area Highway Advisory Radio Systemd &meeway Incident Response Teams patrolling
over 70 miles of interstate in the region.

Phase 2 expansion of the Traffic Management Sy§tén®) was completed in March 2004. Phase 2
added 31 miles of coverage on the peninsula anthside interstates (I-64, 1-264, and |- 564) with 8
additional cameras and other roadway detectors.

Phase 3 expansion is currently underway. When tisg) the total system inventory for the STC will
include over 275 cameras covering 113 miles of HamRoads freeways.

Smart Travel Lab at UVA

The Smart Travel Lab is a state-of-the-art facitiitsit supports research and education in the sapidl
emerging area of ITS. Using the latest informateshnologies, analysis, and modeling techniques,
researchers in the lab are developing prototypesysand applications that promise to improve the
effectiveness of ITS. Itis a joint effort betwethie Department of Civil Engineering at the UVA and
the Virginia Transportation Research Council (VTRChe Lab serves as the direct connection to
transportation management systems operated by@D@TV This connection provides researchers with
direct access to real ITS data and systems. Trestdaccess has allowed the lab to provide sulpstant
contributions to VDOT's ITS initiative, known aet®&mart Travel Program.

Purpose of Evaluation

The primary purpose of the evaluation is to askesswell the ADMS Virginia project met its
objectives, namely:

* How well the approach chosen for ADMS Virginia dieyanent resulted in a successfully
operating system.

* How it supported TMC uses of archived data in otdezffect improved operations.
 How ADMS Virginia was used to improve the functiafsion-operations stakeholders.
Summary and Lessons Learned

* From a development perspective, ADMS Virginia is ekemplary archived data management
system that can serve as a model for the rest aintry. The Evaluation Team found the physical
design of the system to have all of the main festwf an ADMS as defined by FHWA, the National
ITS Architecture, and current ITS standards. Téatively long list of users from outside of
Virginia exploring the system’s capabilities is #mar indication of the ADMS’s successful
deployment. In some cases, ADMS Virginia has bnakew ground on the methods used to process
and present data, including:



0 Serious attention tpost hoadata quality control, including the flagging of@mneous,
suspicious, or missing data

0 An advanced imputation algorithm to adjust for nmgsiata

o Providing users with metadata, both about the aeckiructure and about processing steps
(quality control and imputation)

o Fusion of traffic, incident, and weather data sat they are geographically consistent

0 Repackaging of archived data into user-defined &spsuch as AADT reports and
simulation model inputs

Professional software engineering and Informatiore€hnology principles aids ADMS
development The ADMS Virginia development team chose a higittuctured approach to design
and implementation that worked extremely well inrte of delivery (on-time and within budget).
Highlights of this process that can be adopted DYy#S developers elsewhere include:

0 User requirements process — heavy and early iniadwe of stakeholders
Incremental “Builds” — which allowed users to sadeversions of the system
Structured programming, common web-based tools

Metadata provision

Map-based interface

Searchable help

O O O O o o

Documentation

Data quality and availability are the overriding &ures of an ADMS that will promote its usage.
Potential users of an ADMS must have confidenabénquality of data before they will actively use
the data for their applications. The EvaluatiomMeneard statements to this effect from most of the
interviewees.

Having event data in addition to traffic data staten an ADMS enhances its usefulnes&or the
most part, the term “archived ITS data” is gengratinsidered by the transportation profession to be
traffic data from roadway detectors (volumes, speadd occupancies). However, fusing traffic
data with event data (e.g., incidents, work zonesther, and sporting events) — and even analyzing
event data on their own — can have significant fisnfer system operators and planners. HRSTC is
using incident data to evaluate its incident respgslan. ADMS Virginia also includes weather and
special event data, and while the system doesuncgrttly include applications for them, future
applications are likely to take advantage of them.

From a planning perspective, a common drawback afrently deployed ADMSs (including

ADMS Virginia) is the limited amount of highways eered by surveillance systemBRegional
planning efforts require performance informationnoajor highways throughout an area. In most
cities, ITS is typically only deployed on majordrmeays. Expansion to all freeways and at least
signalized arterials would provide additional imf@tion for planning purposes. A related issue is
how to combine performance measurements from I8 pérformance data from models — there is
a concern that they may not be entirely compatible.



TMC standard operating procedure manuals and op@rmatontract stipulations must be
considered during the ADMS design process - impletagion of the system will likely require
operators to engage in new activitied-or example, because staffing of the Hampton RS

is contracted out, the contract staff perform dhlyse tasks assigned to them in that contrachadr t
can be directly measured as part of the evaluatidheir performance (this is not a shortcoming of
using contractors, which in the Hampton Roads egpears to work very well). New activities are
time consuming and staff levels are negotiated uagmrticular workload assumption. Reporting
on freeway performance has not been assigned fbMi@ contractors, and is not used as a measure
of the contractor’s performance. Consequentlyorigpg on freeway performance cannot be
automatically expected and may likely require atk@mt modification or some other change to the
work agreement.

If a software application (including an ADMS intekce) is not part of the TMC software and
displayed on the main console, its use is very fedi TMC operators are extremely busy when
managing traffic in real-time. Any additional wéokd such as accessing an ADMS must be fully
integrated into their normal operating softwaréeathan an adjunct system. Similarly, the
software must be capable of assembling informatery quickly and with a minimum of
input/query structure from the operator.

Even with system availability and system performarancerns, ADMS Virginia stakeholders see

a high potential for using the system in their ajgations. In Northern Virginia, system

availability and the slowness of queries were tlagomimpediments to usage during the evaluation
period when the interviews were conducted. Howeweth these issues were addressed in Build 4.1
after the interviews were performed. The potertidhe ADMS is not only recognized by end users
but also by VDOT management, who are funding thentemance and expansion of the system. The
planners at HRPDC and the VDOT operators in Nornthérginia all expressed excitement at the
potential of the ADMS, meaning that it may take a little éirnefore that potential can be realized.
This led the Evaluation Team to the following olvsgion:

It is likely that productive use of ADMS Virginia iV have to wait for it become more fully
populated with data and for users to gain experienwith what the ADMS can doln that sense, it
may make sense to re-visit the evaluation in amdtBenonths to see what has changed.



1.INTRODUCTION
1.1 ARCHIVED DATA MANAGEMENT SYSTEMS

Archived Data Management Systems (ADMSSs) are in&diom management systems with
decision support capabilities that implement tlguinements found in the Archived Data User
Service (ADUS). ADUS is one of 33 user serviacEmiified within the National ITS

Architecture (henceforth, “the Architecture”) thvagre created to document (in somewhat general
terms) what an ITS application should do from tkeris perspective. A broad range of users are
considered, including the traveling public as veslimany different types of system operators.
User services form the basis of the Architectuneetigment effort.

ADUS was developed as an addition to the originahftecture as a way to capture for later use
real-time information used for ITS control stratsyi One of the features of ADUS that
distinguishes it from other user services is tingdaanumber (14) of stakeholder groups. These
stakeholders include public transportation agemrggnnel (e.g., planners, air quality analysts,
researchers, transit operators, and safety admaitoss) as well as private sector groups. By using
archived ITS data, data collection costs for stalddr applications can be reduced. Further, the
detailed nature of ITS-generated data allow foraramcurate analyses and make possible many
applications that could not have been undertakeepbat substantial cost. Figure 1 displays
several examples of how a single subset of archia¢a — travel monitoring data — support ADUS
stakeholder functions. ADUS relies on other IT8ctions to provide data. This requires that
close coordination be achieved with other ITS stanefforts.

One of the stakeholder groups identified in theettgyment of ADUS is operations personnel.
They are crucial to the success of ADUS in thay ttentrol the collection of data that form the
basis of the archives. Moreover, operations persiosre also major beneficiaries of ADUS.

Early ADUS documents postulated that archived datald promote improved operations by
helping to determine control strategies (e.g.,rgmdf ramp meters and traffic signals; deployment
of incident management equipment, etc.) and inuatans of programs. While these original
purposes remain valid, it is becoming increasimggar that operations personnel will accrue
additional benefits from ADUS as ADMSs become mmi@espread and grow in sophistication.

Several recent events have greatly increased thertence of ADUS for ITS deployments. First,
the need to déederal performance benchmarkings a way to track program effectiveness has
been identified by FHWA. Second, related to Feldeeachmarking is the provision of detailed
data foroperations planning. Operation of the transportation system has bedbmerimary
focus of many transportation organizations inclgdiHWA and ITE. ADUS provides the highly
detailed data necessary to do operations plantiadn@h resolution level (such as evaluations,
performance measurement, and deployment adjustinespecially considering the expense of
dedicated data collection efforts. Third, closihg Advanced Traveler Information System
(ATIS) data gapand producing theext generation of ATIS productsequires ADUS. A sound
and detailed historical record of system perforneasmeeded for ATIS purposes, especially as
products become more sophisticated. For examipbet-term congestion forecasts are seen as a
highly marketable product, but these must rely malysis of historical congestion trends to be
credible.



As a user service, ADUS is a concept rather th@mmgible system. As noted previously, an
ADMS is the system that implements the concepts embledd®DUS. At its core, an ADMS is
an information management system that is activelintained following

Real-Time ITS Sources

¢ ADUS Standards

¢ National Architecture

* ADUS Research and
Case Studies

Archived Data User Service
Implementation

S ta?etllll:; der Long—Rfmge Opera’cions ATI‘S Perfo?ma‘nce
Functions Planning Planning Functions Monitoring
* Safety * TRANSIMS * Incident * Route * National
* Land Use * IDAS Management Planning Reporting
* Air Quality * 4-Step * ER * Advisories * Performance-
* Maintenance Models Deployment Based
Management * Signal Planning
Timing * Evaluations
* Public
Relations

Figure 1 Archived Travel Monitoring Data Serve theApplications of Multiple Stakeholders

standard information technology principles. Adweshéorms of ADMSs may include applications
that achieve the functionality of a decision supggstem, but their primary purpose is to collect,
process (including quality control, aggregationms] data transformations), store, and disseminate
data for a wide variety of existing and emerginglagations.



1.2 BACKGROUND ON THE TMC APPLICATIONS OF ARCHIVED DATA
OPERATIONAL TEST

1.2.1 Project Goals

In 2002, FHWA awarded a field operational testi® Yirginia Department of Transportation
entitled (VDOT)Traffic Management Center (TMC) Applications of Aved Data Operational
Test The objective from the original Request for Apation (RFA) was stated as:

The objective of this operational test is to stbhdw transportation management
center (TMC) operational practices and proceduras benefit through the applied
use of archived data from highway-based and/orditabased ITS sources. This
effort will consider how specific TMC functions dagenhanced through
performance measures and analytical techniquesledahrough archived data.
The results of this operational test will be usedupport the development of
guidance for applying archived data to enhance sg@ortation management center
operations, practices and procedures.

The intent of the operational test was to use aechdata to effect transportation operations and
management decisions. However, because an ADM8ahaes to a wide variety of stakeholders
(14, as identified in thADUS Standards Strategic Planhe scope of ADMS Virginia was
expanded to include applications for transportagi@mners as well as operatorsThe

operational test was to build on current statéefgractice in designing ADMSs.

With regard to operations, algorithms were to sufpg various Advanced Traffic Management
Systems (ATMS) and ATIS functions were to be coaied. The RFA stated:

The ATMS and ATIS functions that may be supportedude, but are not limited
to, the following:

. Performance measurement

. Arterial performance measurement using transitdbasehived data
. High-occupancy vehicle (HOV) lane management
. Signal system management

. Ramp metering management

. Incident management

. Work zone operational impacts measurement

. Weather-based traffic management response

. Special events management

. Disaster/emergency response management

. Travel-time prediction along route segments

. Travel-time prediction between points

. Travel-time reliability predictions



. Transit reliability and performance assessment

Performance measurement of TMC functions was aitgghasized in the RFA. Since
performance measurement overlaps with the actvafdransportation planners, their inclusion in
the development process was a natural extensitireqiroject’s scope:

[The project should...] Determine how the operatigreaformance of the TMC
changes as the archived data are applied. Altheagh TMC has unique operating
characteristics, the operational performance cagabged by establishing
performance criteria. Examples of performancesgdtmay include, but are not
limited to, the following:

. Travel-time reliability

. Travel-time prediction error

. Percent reduced congestion in particular locations
. Percent reduced vehicle crashes

. Reduced response time to incidents

. Increased average speed during peak periods

1.2.2 Project Development

A team led by VDOT’s ITS Division was selected twdertake this operational test. The project
was namedDMS Virginia and this term is used throughout this report teremce the project.
VDOT led the effort with a team that included theikgrsity of Virginia (UVA) Center for
Transportation Studies (CTS) and George Mason UWsitygf GMU). UVA subcontracted the
software development part of the project to Opead?daConsulting, Inc. (ORCI). The equipment
necessary for the project is hosted at the SmaxteliLaboratory (STL), a joint facility of VDOT
and UVA which is located on the campus of UVA.

ADMS Virginia was deployed starting with the Hampteoads area. The Hampton Roads
participants in the process included:

* The Hampton Roads Smart Traffic Center (HRSTC)
* The Hampton Roads Planning District Commission (BRI
* The Hampton Roads Transit (HRTransit)

» The VDOT Central Office, Mobility Management Divasi (MMD) and Air Quality
Planning.

The project deployment was divided into four buidgh incremental support of the above
services, rather than a single system at the etttegfroject period. The build approach was used
to identify important features of the system arglititerface, and to apply the institutional and
technical lessons learned in the early buildster lauilds. Builds 1-3 concentrated on developing
a fully operational ADMS for the Hampton Roads ase#h each successive build adding new
functions. Build 4 entailed the expansion of tHeMS to the Northern Virginia District of

VDOT (NoVA), which is located in the Washington,MD.Metropolitan area. Builds 1 through 3



completed the requirements of the original scopsark for the FOT. At the completion of Build
3, sufficient funds remained to support a fourtidolA proposal was submitted to and approved
by FHWA to extend the project scope and end datletelop Build 4, extending the system to
incorporate data from NoVA. The system functioryadieveloped in Builds 1-3 was the same for
both areas.

The four builds of the project may be summarized as
Build 1
» Completion of the core STL infrastructure
* Included detector and incident data collected @HRSTC
* A simple, non-graphic interface will be provided tbese services
0 Historical data query at user-selected levels gfegations
o Data Quality Assessments; Abnormality Checks; aathDmputations
Build 2

 Completion of the graphical user interface -- a maferface improved the user-
friendliness of the system, allowing input and aitfhrough “point and click” selections
on the map

* Added data from the traffic monitoring systems (TM&ntinuous count stations and
weather databases

» Addition of services:
o Mobility Measures of Effectiveness
o Traffic Fundamentals
o Evacuation Planning Support
0 Air Quality Modeling Support
Build 3
» Completion of the final system with all the reqdiiaterfaces

» Added weather data from additional locations andria signal system data from City of
Norfolk

» Addition of services:
o Transportation Planning Support
o0 Incident Management Support
o Transit Support
0

Modeling/Simulation Support — added the abilitydownload data in a format
compatible with the DynaMIT simulation model inpaguirements

Build 4
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* Adoption of the ADMS to the Northern Virginia Digtt of VDOT (NoVA)

UVA directed the software development effort withed Roads providing the software
engineering. Highlights of the development apphaaged by the project team included:

» A systems engineering approach was applied th&tded defining system requirements
by a stakeholder involvement process (Figure 2prmfal requirements documents were
produced for each build.

* Rapid prototyping was employed to allow the stakeéws and developers alike to try and
test the system during development, well beforditiad release.

» Stakeholder involvement was identified as an imgraraspect from the beginning, and
they were repeatedly requested to provide ideagwedocuments/demos, test prototypes,
and report any abnormal findings.

@l 1)

Concept of
Operations
Development

Broad Scope and
Proposal

3 Build Approach
Developed

Stakeholder Identification

=

Stakeholders,

Sponsors, O

i . Evaluation Team
Build Design, Review

Documentation, L

Review, Testing STL Data Archive D
Document Enhancement
Functional Requirements

Development, Internal Reviews

[

%ﬁm

Build Development, Evaluation

Testing, Deployment For Each

Build

Figure 2 Systems Engineering Approach used in ADMSirginia Development
Source’ADMS Virginia Draft Final ReportDecember 1, 2004

1.1.3 Operations Centers
1.1.3.1 NoVA District of VDOT

The Northern Virginia Smart Traffic Center is
high-tech communications hub situated in

-11 -




Arlington near the Pentagon. Controllers in thiaffic Center oversee more than 100 miles of
roads. The system operates ramp meters, dynanssage signs (DMSs), highway advisory
radio (HAR), and supports incident management giets/

The Center also monitors the usage of HOV laneste$sand gate groups are used to reverse
HOV lanes to accommodate the traffic flow headingmand east in the morning and south and
west in the afternoon.

Loop detectors and pavement sensors that are eedb@tthe roadways prompt an automatic
incident detection system that alerts Traffic Centatrollers when and where there is likely to
have been an incident. This equipment also ga#ipered volume and occupancy data.

The Northern Virginia Smart Traffic Center Operatequipment inventory includes:

- 109 cameras

« 222 variable message signs

« 24 gates on I-66 HOV lanes for use during peaketrhours

« 21 gate groups on 1-95/I-395 for reversible HOVdan

« 25 ramp meters for inside the beltway on 1-66 aB83

« 30 lane control signals

« 23 vehicle classification stations

« 177 controllers with sensors and loop detectors
1.1.3.2 Hampton Roads Smart Traffic Center
The Hampton Roads region, located in Southeasinf@rgpresents numerous challenges to the
ongoing evolution and maintenance of a safe aret®fe transportation system. The region
consists of ten cities (Chesapeake, Franklin, Hamptiewport News, Norfolk, Poquoson,
Portsmouth, Suffolk, Virginia Beach, and Williamsguand six counties (Gloucester, Isle of
Wight, James City, Southampton, Surry, and Yorkdh & current population of over 1.5 million
people — an increase of 40% in 27 years. Over0DQ0ilitary personnel live and travel in
Hampton Roads, serving the Army, Navy, Marines,&irce and Coast Guard. The area is also a
prime vacation destination. On any given summgy thaurists can increase the region’s
population by as many as 100,000 people, and 88%areling by motor vehicle. Along with
major tourist attractions, the region has the hasiral deepwater harbor on the U.S. East Coast.
More than fifty international shipping lines andeov00 commercial freight carrier companies
operate in Hampton Roads, resulting in high voluofesommercial freight traffic. Over 560

thousand tractor-trailers arrive and depart fromttiree international marine port terminals
annually.

I-64 is the primary Interstate route in the regitseastern terminus is located here. Several
Interstate “spur routes are also located in tha:are

» [|-264 provides east-west travel from Chesapeakértpnia Beach.
* |-464 provides north-south access.

* [|-664 provides and additional water crossing onviieet side of the region.

-12 -



* |-564 provides access to the Norfolk Naval Station.

The region’s limited number of waterway crossirtggh population, increasing influx of tourists,
waves of military personnel traveling to and frdm humerous military bases, and high volume
of freight movement cause traffic incidents andagglon a daily basis around Hampton Roads.

The Freeway Traffic Management System installeti@tHRSTC originally consisted of an
extensive computer controlled, fiber-optic baseshiemnications and control network installed
along 19 miles of the area freeways (I-64, -264 lab@k4), 38 closed circuit television cameras,
over 60 dynamic message signs strategically positiacross the entire Hampton Roads region,
Wide-Area Highway Advisory Radio System, and FregWmaident Response Teams patrolling
over 70 miles of interstate in the region.

Phase 2 expansion of the Traffic Management Sy§iéns) was completed in March 2004.
Phase 2 adds 31 miles of coverage on the peniasdlaouthside interstate (I-64, 1-264, and I-
564) with 80 additional cameras and other roadvedgalors.

Phase 3 expansion is currently underway. When tzieg) the total inventory for the STC will
be over 275 cameras covering 113 miles of HamptwadR freeways including I-64 from
Lightfoot to Bowers Hill, I- 264/1-64/1-664 interemge; 1-264 from Bowers Hill to Park Avenue,
Virginia Beach; I-664 from Bowers Hill interchangeough the Monitor Merrimac Memorial
Bridge Tunnel to |- 64 interchange, Hampton; aié4 from Terminal Boulevard, Norfolk to
Gate 3 and 3A Naval Base.

1.1.3.3 Smart Travel Lab at UVA

The Smart Travel Lab is a state-of-the-art factlitst supports research and education in the
rapidly emerging area of ITS. Using the latestinfation technologies and analysis and modeling
techniques, researchers in the lab are developotgtgpe systems and applications that promise
to improve the effectiveness of ITS. It is a jagfitort between the Department of Civil
Engineering at the University of Virginia and thegmia Transportation Research Council. The
Lab serves as the direct connection to transportatianagement systems operated by the VDOT.
This connection provides researchers with direceéss to real ITS data and systems. This direct
access has allowed the lab to provide substantimeibutions to VDOT's ITS initiative, known as
the Smart Travel Program. The mission of the Siavtel Lab is to:

* Conduct applied ITS research and development
* Provide technical support to VDOT’s Smart Traveddgtam
* Develop and deliver innovative education and tragrprograms.

The foundation of the laboratory is an OC-3 conioacto the Commonwealth of Virginia's wide
area network known as "Network Virginia." This cewtion is used to continuously transmit data
and video from four Virginia Department of Trangjation (VDOT) traffic control systems. These
systems include:

+ The Hampton Roads Smart Traffic Center (HRSTC)fraeway management system in
Southeast Virginia that monitors and manages trafii I-64 and 1-264

« The Northern Virginia Smart Traffic Signal SysteMMSTSS), a signal control system
that manages nearly 1,000 intersections in th@negi
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« The Northern Virginia Smart Traffic Center (NVST@)freeway management system that
monitors and manages traffic on I-95, 1-495, a6é |-

« The Richmond Smart Traffic Center (RSTC), a freewmnagement system that monitors
and manages traffic on I-64 and [-95.

1.3 PURPOSE OF EVALUATION
The primary purpose of the evaluation is to aseesswell the ADMS Virginia project met its
objectives, namely:
* How it supported TMC uses of archived data in otdesffect improved operations.
 How ADMS Virginia was used to improve the functiafsion-operations stakeholders

* How well the approach chosen for ADMS Virginia dieyanent resulted in a successfully
operating system.

The next section of this report outlines specifibsut the evaluation approach.
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2. DEVELOPMENT OF THE EVALUATION STRATEGY

2.1 REVIEW OF ADMS VIRGINIA DOCUMENTS
The Evaluation Team reviewed and commented on raathe documents produced during the
course of ADMS Virginia’s development. These im=d:

* TMC Applications of Archived Data Operational Tdgipdified “Build” Methodology &
Schedule, January 24, 2003

» Concept of Operations, ADMS Virginia, March 17, 200

* Build 1 - Functional Requirements Document, ADMSg¥iia, April 01, 2003

* Build 2 - Functional Requirements Document, ADMSg¥iia, July 16, 2003

* Build 3 - Functional Requirements Document, ADMSg¥iia, December 16, 2003
* ADMS Virginia Draft Final Report, December 1, 2004

Many more documents were developed by the ADMSiNfageam that were not reviewed with
formal comments by the Evaluation Team.

2.2 EARLY REVIEW OF ADMS VIRGINIA DEVELOPMENT

The interim documents produced by the ADMS Virgitegam as well as the Build approach to
system development allowed the Evaluation Team\@w the functionality at several different
stages. The first major review of ADMS Virginiaogress was held on March 26, 2003. The
purpose of this meeting was to flesh out the tygesvaluations that should be performed as a
precursor to the Evaluation Plan. The Conceptpe#r&@ions document and initial contact with
the ADMS Virginia team were the basis of this fotation. At that time, neither the Concept of
Operations nor the ADMS Virginia team indicatecediruse of archived data in operations
strategies. The focus appeared to be on planomgibns, both traditional transportation
planning and operations planning (the latter prilpéinrough the use of performance
measurement.) As a result of this meeting, morghasis was given to supporting operations by
the ADMS Virginia team, in addition to maintainisgpport for planning functions.

2.3 ADMS VIRGINIA FINAL FUNCTIONALITY

The key features of the final system provided tagivfor developing the Evaluation Plan and the
Test Plans. These are documented as follows.
2.3.1 Data Processing and Management Functions
» Data Structure — a relational data base was catsttu Common location referencing was
used to link the various types of data for appiora.
* Metadata — metadata on the data stored in thensystprovided.

* Quality Control (QC) —post hocQC procedures were developed and are appliedeto th
traffic data.
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» Data Imputation — for traffic data that is eitheisaing (not reported from the field) or fail
the QC tests, an imputation procedure is usedlto for replace gaps.

* On-line Query Results — many ADMS Virginia applioas include data summarized
visually for users on-line via the use of maps stadistical charts

* Output File Formats — the results of queries falmaddes may be viewed online as an
Adobe Acrobat file or downloaded as files in eitlt@mma-separated or XML formats.
The XML definitions were developed by the ADMS VMirg team.

2.3.2 User Functions and Applications
2.3.2.1 Standard Data Query

This service outputs raw data or aggregates ofalvedata at user-requested temporal and spatial
levels of aggregation. The format of the outpuadatavailable in CSV, XML, PDF, or by plot.
Data is available from the Traffic, Incident, Weathand TMS databases.

Traffic Data Timeline Plot/Map

Plots or maps volume, occupancy, speed, and qurdldgmation for a single corridor, corridor
section, or station aggregated at selected tineevals.

Station Data Download

Allows user to view or download detailed volumeg@gancy, speed, and quality information for
selected corridors, corridor sections, or stateggregated at selected time intervals.

Incident Download
Allows user to view or download detailed incidemfiormation.
Incident Plot/Map

Provides user with capability to perform analydignoident information for defined periods of
time. This page allows the user to obtain coumtsHe types of incidents requested plus detailed
incident information. The user can view, downloadplot the data. The data can be plotted by
incident type, weather conditions, duration of d®sit, number of cars involved, number of lanes
blocked, or number of incidents that occurred by tllsers can map average, maximum, or
minimum duration of an incident.

Weather Download
Downloads weather data from various WBAN(s) (Weatareau-Army-Navy) in the region.
TMS Data Download

Downloads detailed classification, speed, and gumiformation from the Traffic Monitoring
System (TMS) for selected links, time period, antktaggregation.

2.3.2.2 Mobility Measures of Effectiveness

Derives a number of defined mobility measures ftbmarchived data and present these measures
in different formats. Users are able to retrieweftiilowing traffic-based mobility measures:
speed, flow rate, V/C ratio, speed standard denaand VMT.
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Mobility Measures - Traffic Download

Allows user to view or download of traffic-basedfpemance measures.
Mobility Measures - Traffic Spatial Plot/Map

Allows user to plots or map traffic-based perfore@measures.
Mobility Measures - Traffic Timeline Plot/Map

Plots or maps traffic-based performance measwksasures can be aggregated at selected time
intervals.

Mobility Measures - AADT Analysis

Allows a view, plots, or downloads AADT values.

2.3.2.3 Operations/Maintenance Support

Allows users to evaluate current road conditiomgadjuality for sensor stations, and compare
current incidents with past incidents.

Current Conditions

Allows user to view speed and flow rate for theé Bsinutes, by corridor. The user can view
current conditions on a plot or map. The user ¢sm @monitor active incidents in the region.

Incident Insight
Provides traffic information regarding similar idents from the past.
Data Quality

Allows users to view data quality for selectedista. User can download, plot, or map % of
usable data and % of imputed data.

Traffic Forecasting

Allows user to view short-term forecasted traffiatsstics. Forecasts are made 10, 30, and 60
minutes into the future for level of service andwoe. Forecasted volumes may be displayed
along with either current volume or historical age volume.

Traffic Forecasting Accuracy
Allows user to review the accuracy of forecastedffitr volumes for the last week.
2.3.2.4 Evacuation/Special Events Planning

This service aids the development and implememtatfeevacuation plans for major disasters
such as hurricanes or for local events such adulyedth holiday.

2.3.2.5 HOV Monitoring/Evaluation (currently NoVA only)

This service provides reports for HOV usage momtgevaluation on the 1-95 and 1-395
corridors. These analyses are available only fakaays currently.

HOV Daily Report
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Allows user to view, download or plot: volume, sgeand quality information for two pre-
selected stations (one inside the beltway and ated® the beltway) during the AM and PM
HOV Restriction Peak.

HOV Detailed Analysis

Allows a view, downloads, or plots: volume, speaat] quality information for either a Mainline
(HOV or RHOV) or Ramp (On or Off) Station Analysis.

2.3.2.6 Transportation Planning and Air Quality Support (currently Hampton Roads only)
Supports air quality analysis needs and long-raragesportation planning by computing statistics

typically use as inputs to travel demand forecgstind emissions models: volume, speed, VMT,
% VMT by hour, VI/C ratio, Level of service, peakundactor average daily traffic.

2.3.2.7 DynaMIT Simulation Support (currently Hampton Roads only)

Allows user to download data structured in the trfpumats of the DynaMIT simulation model.

2.4 FINAL EVALUATION HYPOTHESES AND APPROACH
2.4.1 Hypotheses

The objectives of the evaluation relate to theafdbe data to improve TMC-related and other
activities. ADMS Virginia is developing a serielsapplications around its data archive that
support a variety of transportation functions. rirthese, eight hypotheses and associated goals
for the evaluation have been constructed. Theserganized into three broad areas, as follows:

2.4.1.1 TMC Operations Planning

Archived data tools enable STC staff to perform ra@ffective Operations Planning
= Goal —improved TMC operations

Use of the ADMS improves system wide travel conodisi
= Goal — less total delay and increased reliability

2.4.1.2 Planning Functions

Availability of archived data will improve accuraayf regional planning models
= Goal —improved regional planning

Availability of archived data will reduce cost oégional planning models
= Goal —improved regional planning

2.4.1.3 General Archive Functions

The ADMS provides a mechanism for improving the dityof traffic data
= Goal — improved data quality
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The ADMS is portable to other areas
= Goal — provide transferability with a minimum ofstamization
The ADMS development process has met the needseo$takeholders
= Goal — exemplary or “model” ADMS design
The ADMS has satisfactorily fused data from differesources
= Goal — applications and queries can access andigs&rate forms of data

A summary of hypotheses, goals, measures of efegass (MOES), and required data appear in
Tables 1 to 3, followed by a discussion of indiatavaluations.
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Table 1

TMC Operations Planning MOE’s and Data Sources

Hypothesis MOEF’s Data Sources

The Archived Data | Change in the time required to post DMS * System Data
Tools Enable STC message following an incident. e Intervi

Staff To Perform nerviews

More Effective
Operations Planning

(Note: DMS-related
Operations activities
may be contingent
upon the use of the

Incident Response
Module.)

Percent of time that ADMS tools are accessed
prior making a DMS change.

* System Data

¢ Interviews

Perceived change in the time required to post
DMS message following an incident

¢ Interviews

Perceived usefulness of the ADMS data
available to STC operators when considering a
DMS change.

¢ Interviews

Reported change in the process used by STC
operators when considering a DMS update

¢ Interviews

Percent of time that ADMS tools are accessed
prior making a road closure decision.

* System Data

¢ Interviews

Perceived change in the time required to plan
and implement road closures

¢ Interviews

Perceived usefulness of the ADMS data
available to STC operators when planning a
road closure

¢ Interviews

Reported change in the process used by STC
operators when considering a road closure

¢ Interviews

Percent of time that ADMS tools are accessed
prior making a decision regarding HOV
restrictions

* System Data

¢ Interviews

Perceived change in the time required to plan
and implement changes to HOV restrictions

¢ Interviews

Perceived usefulness of the ADMS data
available to STC operators when planning
changes to HOV restrictions

¢ Interviews

Reported change in the process used by STC
operators when considering changes to HOV
restrictions

¢ Interviews

The Use of the
ADMS Improves
Systemwide Travel
Conditions

Travel time index (mean and 95th %ile), buffer
time index, delay, incident duration by type

¢ Archived Data
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Table2 Planning Functions MOE’s and Data Sources

Hypothesis MOEF’s Data Sources
The ADMS Perceived usefulness of ADMS tools. * Interviews
Improve:% Accuracy Reported change in the day-to-day processes of * Interviews
of Planning Models . ot

users resulting from the availability of ADMS

tools.

Perceived benefit of ADMS tools * Interviews

Perceived user friendliness of ADMS tools. * Interviews

Identification of aspects of the ADMS tools that * Interviews
users find effective.

Identification of user’s needs not being met by * Interviews
the ADMS tools.
Number of ADMS queries made by planners * System Data
* Interviews
Comparison of ADMS performance measures e Archived Data
with similar measures from travel demand
*  Model
model. .
Comparisons
Comparison of ADMS performance measures e Archived Data
with similar measures from MOBILE6 model.
*  Model
Comparisons
The ADMS Estimated reduction in data collection costs for * Interviews
Decreases Costs of model development and calibration .
. * Review of
Planning Models

previous data
collection efforts
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Table 3

Planning Functions MOE’s and Data Sources

Hypothesis MOEF’s Data Sources
The ADMS Provides | Failure rates tracked over time by corridor for * System Data
A Mech.amsm For each QC test in the ADMS software «  Archived Data
Improving The
Quality Of Traffic
Data.
The ADMS is Labor hours needed to customize (actual * Interviews
Portable to Other and/or estimated); extent to which code and
A . . . * Labor logs by
reas concepts can be applied to other installations
personnel
category

The ADMS Subjective -- attitudes and opinions of * Interviews
Development stakeholders:
Process Has Met the 1. Perceived usefulness of ADMS tools.
Needs of the
Stakeholders 2. Reported change in the day-to-day processes

of users resulting from the availability of

ADMS tools.

3. Perceived benefit of ADMS tools.

4. Perceived user friendliness of ADMS tools.

5. Identification of aspects of the ADMS tools

that users find effective.

6. Identification of user’s needs not being met

by the ADMS tools.

Quantitative - system usage statistics * System Data

1. Number of “current conditions” queries

made, by user.

2. Number of “traffic forecasting” queries

made, by user.

3. Number of “data quality reports” queries

made, by user.

4. Number of “incident insight” queries made,

by user.

5. Number of failed/aborted queries
The ADMS Has Perceived ease of integration within the ADMS * Interviews
Satisfactorily Fused | analytical framework

. * Analyst
Data from Different .
S Observations
ources
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Hypothesis MOE’s Data Sources

Sources Perceived ease of integration outside the * Interviews
ADMS analytical framework
yH W e Analyst
Observations

2.3.2 Evaluation Structure
2.3.2.1 TMC Operations Planning

Hypothesis #1: Archived data tools enable STQ sigferform more effective Operations
Planning; and Hypothesis #2: Use of the ADMS ImproSystem-wide Travel Conditions

The main effect of the ADMS on the TMC will be imetarea of Operations Planning. For the
purpose of this evaluation, Operations Plannirdefined as activities related to the modification
or adjustment of existing Operational strategikss seen as being a very short-term planning
horizon; this contrasts with the longer time honazmdertaken by the traditional transportation
planning process. In a broader context, Operaftasning also includes the identification and
deployment of new short-term Operations stratediesthe evaluation schedule does not permit
enough time for this to be practical.

2.3.2.2 Planning Functions

Hypothesis #3: Improved Accuracy of Planning Medahd Hypothesis #4: Cost of Operating
Planning Models

In assessing the ability of the system to impregganal planning, it is also important to identify
the effectiveness of the tools to meet user’s neéds hypothesized that tiDMS tools will
perform satisfactorily for planners and operatorShese MOEs are largely subjective, measuring
the perceived usefulness, benefit, and user frieest of the tools. These measures will be
gathered through interviews of various users aakks$iolders. These subjective measures will be
supported by quantitative measures of the usagartitular ADMS tools by different types of
users (e.g., TMC operators, planners, transit ¢pexaraveler information providers, etc.)
gathered from the system usage logs. This fadteogvaluation has been rolled into Hypothesis
#10 (“The ADMS development process has met thesiekthe stakeholders”).

2.3.2.3 General Archive Functions
Hypothesis #5: The ADMS provides a mechanismmipraving the quality of traffic data

A highly significant concern in the use of archiv&®-generated data is the quality/accuracy of
the data. While professionals agree that quaéita @s required to implement advanced forms of
Operations control strategies and for secondary, im&lgets to install and maintain field
equipment — as well as the detection of suspeat-date often limited. Basically, ITS-generated
traffic data can be of poor quality for a numberedsons.

Hypothesis #6: The ADMS is Portable (Transferatdedther Areas
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The ADMS Virginia project has great potential fpasking ADMS development in other areas.
However, the more directly the results can be agplhe greater the influence the Operational
Test will have. A number of general issues willds@lored as part of this evaluation:

Does the design appear to be expandable? (Dodsdison referencing system used
work for other archives? Does the reporting sysésipand easily to account for other
geographic locations?)

Can the hardware expand to meet larger data seireetents? Can the software meet
the needs of users if the number of users growstaatially?

Can the database structure be transferred in vdratepart to other installations? This
will depend to a large degree on the nature of d&iag collected in other areas.
Although ITS data standards have been developed@MP1512), adoption of these
standards have been slow.

Which components of the data structure are besdsto transfer (e.g., metadata versus
measurement data)?

To what extent can the software code be used birbgt other installations? Are
algorithms, concepts, and output formats bettaéeduo transfer than actual code?

Hypothesis #7: The ADMS Development Process HashdéNeeds of the Stakeholders

The development of ADMS Virginia has followed souiidoractice by adopting a user
requirements process in designing the system.ABIM standard on ADUS recommends this
approacH. It would be useful for future ADMS deploymentsutloderstand how well this process
worked. To this end, interviews will be conducteith stakeholders by the Evaluation Team. A
general “question guide” will be used but answeitslve free-form and not in the same format as
a traditional survey. The guide will be developeidr to the interviews and will include such
guestion as:

Do they use the system? How easy is it to useZhByneed training? Is the training

provided sufficient? (What training do they need®p the meta-data provided meet
their needs? (If not, why not?) Do they feel slgstem is readily accessible? Do they
have confidence in the data stored in the systetoarnhe results they get out of the
system? (If not why not?) Are there specific ams they have about using the
system? How quickly do they get responses baek fgueries that make of the

archive? Does this meet their expectations?

What analytical capabilities are part of the systdbo the analytical capabilities scale
along with the database itself? (For example,eas detectors are added in Hampton
Roads, do they change their definition of the “ictiors” used for travel time estimation

and/or for computing “average corridor volume?”)

L ASTM E 2259 Standard Guide for Archiving and Retrieving ITS-&mated Data
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* How many people access the ADMS? (Inside VDOT2ei&al to VDOT? - Describe
who those people are, and how they use it.)

* Is the archive functionality the same as planned/hat capabilities (output reports,
uses) are actually built, and how do they compatie thie original design?

 What was the cost and effort that went into desigrand implementing the ADMS
(documentation, not a formal evaluation)? Thisolmes review of the labor records of
those involved in the ADMS development. Severalatisions will be used:

o Phase of the project: design, implementation, teasmce

o Labor categories: management, senior softwareneagi junior software
engineer, senior transportation analyst, juniorndpmrtation analyst,
stakeholder (for meeting attendance), and clerical.

Hypothesis #8: The ADMS Has Satisfactorily FusathDrom Different Sources

A major challenge for any ITS archive is the fusadrihese data and their combined use in
advanced applications. A number of questions/sauise from the ability to fuse data from
different sources.

* Does the system effectively integrate multiple dadarces? Can an analyst match data
from two different data sources efficiently? (Fexample, can they use incident
response data to easily select volume and spea@)dathis should be examined both
within their analytical framework and the whethieey are able to export data in such a
way as to allow matching of data from different m@s$ outside of the archive’s own
analytical framework.

* Is the location referencing system used capableootlating data collected from two
different data sources? What are the issues assdcwith using that referencing
system given the other referencing systems usedsyT and the other participating
agencies (what are the other location referencystems being used)? How are they
integrated, and what does it take to perform/mairttaat integration?

2.3.2.4 Data Collection and Management

Interviews

The Evaluation Team worked with STC and other stalder staff to identify the appropriate
personnel to be interviewed on each topic and tageroval for the interview. Before beginning
most interviews, an interview guide was prepared lits the topics that should be covered and
specific questions that should be addressed. Tdedes were used during the interviews.

Archived Data

The Evaluation Team obtained historical archiveffitr data. Metadata is crucial for the analyses
envisioned, and these will be obtained as wel§ ihiespecially true for estimates of the quality o
the data.

System Usage Data (e.g., user sessions for Webgites
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The Evaluation Team relied on STL to provide tragknf system usage.
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3. EVALUATION RESULTS

3.1 Preface

The evaluation schedule was delayed from what wigsally planned. This delay was not at all
related to the development progress of the ADMSjiia system, which was slightly ahead of its
deployment schedule. Rather, the delay was praiiptéwo factors: 1) problems with the data
quality and availability from the HRSTC and 2) laafkuse on the part of stakeholders (primarily
due to the data quality issue). As a result, #@sion was made to delay the evaluation, with the
hope that additional time would rectify these pemb$. As it turns out, however, these problems
were to plague the evaluation even with the delaydiscussed below.

3.2 Interviews of System Users
3.2.1 Initial Interviews, July 2004

Interviews were held with personnel in the HamfRwads area in July 2004. The purpose was to
uncover basic usage facts about the system anelpgastiucture the remaining evaluation.

3.2.1.1 HRPDC

Two staff planners were interviewed. One was imgdlin the rapid prototyping of the system
and was highly familiar with the functions and nfidee; he had accessed the system about 25
times prior to the interview. The second planred Accessed the system only a few times. The
three primary uses of the system were to 1) ohtaltnme data for use in a variety of planning
functions, especially near the tunnels, 2) tabutatelent characteristics for use with the
Congestion Management System, and 3) determinelseea limited number of segments.
However, all the uses were done in “test mode” despread use of the data in planning
applications had not been made. (But it was hdlpatin the near future, practical use of the data
could be made.) The traffic data from the sensonsore likely to be bad (missing) than good.
The main problem was the lack of data altogethertdiproblems with the field data. This
requires the user to do a lot of checking on degdlability before accessing the data. The
coverage (only a limited number of freeway miles3till not complete enough to be useful on a
regional basis. However, the planners liked thecept of having the data directly available to
them. They commented that this system is mucleib#tan the previous methods of accessing
data; in the past HRPDC had to request data fror®@ Vand wait a couple of weeks to receive it.

The planners were very pleased with the functibyah the system. (“We can obtain data with
“three clicks”). Obtaining the same data usedketat least a day, and probably more due to
several iterations of data requests. The planitarexperience with the system commented that
the interface was not intuitive for the first-tirmecasual user. Menu items are categorized by
organizational data source (e.g., STC) not by fonde.g., freeway traffic volumes). The
uninformed user needs to search around to findaie source. He suggests a glossary of terms
be readily available since he had to ask severadiwhat a table or data set name meant.
However, once just a small amount of experiencmised, the system is easy to navigate. This
may suggest that a short but formal training cobeserovided to potential users.
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The traffic volume information from ADMS Virginiaotild be used now on a limited basis, but
this can’t be done until the data is reliable ameldoverage is expanded to region wide. Until
then, it is easier to use VDOT'’s periodic (3 yesdrdrt counts. HRPDC's travel demand
forecasting model is a daily model (it predictsatataily traffic rather than peak hour or peak
period traffic), so hourly volumes and speeds ateyat as useful. However, when reliable data
are available, it will make the migration to a pé&kir model easier. (Peak hour models are
considered a more sophisticated form of traveldaséing and HRPDC intends to convert their
model to it at some point in the future.)

HRPDC currently collects travel time data on m&yghways using the “floating car method.”
Assuming the data was reliable and region wide estiavel time runs performed by HRPDC
could be eliminated. Also, VDOT would no longeeddo conduct periodic short counts on
freeways. In the short-term, redundant data ciilieds needed to provide a consistent data
source region wide and provide validation for tHeMS data, because the planners were
suspicious of the data quality. When the ADMS datald be used, the savings would probably
be used to collect data on additional roadways.

Additional data could be used in developing modeadse sensitive to varying incident and
weather conditions for conducting operations maag{e.g., HRPDC attempted to conduct a
previous analysis on the air quality benefits &f iticident management system. The analysis was
not successful due to the lack of data represeiirigent conditions). They have considered
developing an evacuation model, which will be easi¢h reliable ADMS data.

Until data is reliably available on a region widesls, little opportunity exists to use data for
regional reporting, such as in the Congestion Mamamnt System (CMS). Data may be used for
special studies in the meantime. ADMS is also usddlfill some internal and external requests
for traffic data. When reliable, ADMS speed datayrbe used in congestion reporting and the
CMS. Until then, speed data is based on HCM metlsiraly periodic traffic volumes.

Advantages of the ADMS to support planning functiamclude decreased time required to fulfill
requests for data and data for special studieson&tant stream of data would provide a more
accurate picture of what’s currently happeninghedystem, especially in assessing day-to-day
variability. When data quality and coverage im@®wvhe planners intend to access the ADMS
several times per month to obtain data for planaipgjications.

The planners offered their opinion about the valiidhe ADMS. Planning efforts based on
ADMS data would provide for implementation of bettelutions and more cost-effective
planning activities, but would probably bring aboaty marginal improvements for the traveling
public. However, use of the ADMS’s data to evaduie effectiveness of the TMC and to alter
operations strategies should lead to tangible lisn#ie planners felt. Evaluation of other spkecia
projects would also be enabled.

The planners would like to have data on signallagtiways, even it is only continuous volumes.
Much of their planning effort is focused on thegaes of highways. Also, any data that could be
used to supply origin/destination patterns wouldbgemendous help. This is a key piece of
information for the travel demand forecasting maated the only way to get it now is conduct
special and expensive household travel surveys.
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3.2.1.2 HRSTC

The Lead Project Engineer, Maintenance Supervasat ,|T Department Manager were
interviewed. All three individuals were familiaitivthe system and had been involved in testing
and commenting on prototype versions of the systéhe system had been used in an exploratory
way but had as yet not been used in day-to-dayatipes or to effect operating decisions. This
use included: reviewing speed and volume dat@apared with ground counts and reviewing
incident data when developing incident responsesla

The same problem with the data quality and avditghioted by the planners was also noted by
the operators. The lack of data obtained throbglsensor system currently inhibits the
usefulness of the data. Because the data is ablelia second source of data must often be
obtained for confirmation. Incident data was ukednd the operators were able to see patterns at
selected locations.

Many of the field detection systems throughoutréggon are unreliable. Loop detectors, which
have been used extensively throughout the regiavjge the most accurate data when they are
working, but are often inadvertently damaged. &geipment inventory system ties all equipment
location to a filed cabinet, not necessarily itaiatphysical location, often resulting in loop
detectors being damaged during repair work. Theeethe Department has recently replaced
loop detectors with number of less intrusive tedbgies including side looking radar and acoustic
sensors, so the reliability of the data from ergensor locations should increase,
simultaneously with the expansion of the overallarage of the system. As the reliability of the
detection system increases, the usefulness ofafaestiould increase.

It was noted that VDOT has historically been in lusiness of collecting the freeway
performance data, but hasn’t been a significant ofsthe data. Other entities (e.g., HRPDC,
STL, other researchers) have more often been thedmers” of the data and would have better
perspective of the data usefulness. The unrelizditiere of the sensor data does limit the
usefulness of the data. In short, performance ureagent was not seen (at this time) as a priority
with the HRSTC, although it was recognized thatqrerance measurement was both a useful
activity for HRSTC and may eventually be requirgdOT management as part of a
department-wide performance measurement effort.

The operators commented positively on the operatidhe ADMS as an information system;
system is well designed and intuitive to use. 3ystem itself works well, but the poor data
quality limits its usefulness. This is desirabézause with current TMC functions, the historic
incident data is the most useful (for no%/v)[he IT Manager speculated that because ADMS
Virginia is a completely web-based application ¢heould be interface problems in tying in the
ADMS with existing systems, although it had notméged.

Incident management is probably the most impomaetations strategy performed by HRSTC.
The procedure for incident response is as follo@ace incidents are detected and verified, the
response is largely coordinated by the controlletee TMC. Several Incident Response Plans

2 The HRSTC is staffed primarily with contractor personnel, with oversight by VDOT personnel.
The operations contractor is currently responsible for entering incident data.
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have been developed that specify appropriated nsggdor various types and locations of
incidents. The decision to implement one of thesponse plans or to implement a customized
response is left to the discretion of the contrelkend shift supervisor. This decision is based on
their knowledge of local conditions, available imf@tion on the incident, and experience. The
operators are trained on the Standard OperatingeBures (SOP) Manual and refer to it for many
decisions. The primary sources of informationtomadctual incident conditions include CCTV
surveillance and from direct communication withp@sders on the ground. A more formal
standard operating procedure defines all the dswsiegarding operation of the reversible lanes.
Regardless of the response, a log is maintainedlifonplemented strategies during the full
duration of time that the incident is actively lgpmanaged by the TMC. It is hoped that the
ADMS can help in the development of the Incidenstase Plans (Figure 3). It is not expected
that the ADMS would typically be accessed in réaletby controllers during an actual incident.
The rapid speed at which decisions are made dthagge conditions does not allow the controllers
the time to access an additional data source tyznehat conditions were during similar
incidents in the past. Decisions need to be madskky relying on the experience of the
controllers. It is possible that the shift supsovimight have the opportunity to perform some of
this type of real-time analysis on occasion, butimeently has no plans to implement ADMS use
as a part of typical incident response procedufas; sort of decision support in managing
incidents in real-time would have to have immedtatearound time and be extremely easy to
access through the current TMC software.
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Figure 3 Potential Role of ADMS in Incident Managenent Process at HRSTC with Incident Response Module
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With regard to evacuation planning, fairly compnefiee evacuation plans/procedures already
exist. Once implemented, there aren’t that mamiakes that the TMC has control over. ltis
possible that the ADMS data might be used in tisgs@tions, but it is not clear exactly how
they would be used real-time. The data could leel @s historical data for event debriefings and
evacuation plan refinement, however. (What hapgenbat worked, what failed, etc.)

In the future, using the ADMS data and/or the icdfbrecasting function could be useful to the
HRSTC. Communicating expected delay informatiotrawelers is seen as function that should
eventually be performesd.The ADMS has a much greater potential to be aseah
evaluation/planning tool than to be used in thetdaglay functioning of the TMC. Potential
applications include use as an “after-the-fact'l foo evaluating the effectiveness of
implemented responses. The tool could also beinsth@ evaluation and modification of the
Incident Response Plans or in the developmentwfoperating procedures. More data would
be available to supervisors in gauging the effectess of the implemented response strategies.
Many of the current Incident Response Plans argmeaitly sensitive to the level of congestion.
The ability to examine incident response in différn@cident conditions could provide the ability
to modify the plans to increase their sensitivitbngestion and other conditions (e.qg.,
weather).

Operators felt there would be little noticeable @uoipfor travelers; however, if the system
provided the ability to evaluate and improve th&dent response plans, there could be some
travel time savings. Also, if the data could bedit provide estimates of expected delay, it is
possible that this information could be passed tnateelers through the DMS or through a
website.

The ADMS could also be used in training exercigeg.{ providing the ability to examine similar
incidents with different responses and comparedhelting impacts). VDOT has discussed with
FHWA the use of archived data to estimate and siteudelay and queue length (the DynaMIT
simulation model). This led to observation by oh¢he operators that HRPDC has more uses
for the data than the TMC staff.

Making the data available on-line may reduce thewmhof staff time required to fulfill data
requests from other agencies/organizations. Tteeigdalso available to all the ISP’s which
currently have access to STC cameras and incid&rimation. Currently there are no known
users who are performing additional analysis ordétta and making any system performance
data available to the public, but it remains a joidy.

3.2.1.3 Summary

As mentioned in the Preface, the first round aéiiviews revealed that the ADMS had not been
used much except in an exploratory way. This wasarily due to issues concerning data
quality, but also was not clear exactly how oh# tADMS would be integrated into the HRSTC
operations. On the other hand, it did appearHRRPDC was planning to use the ADMS to
supply data for a variety of planning needs. Ad fhoint, it was decided to give the system more
time to work out data quality problems and to greesonnel a chance to access the system more
fully. Also, the transporting of the ADMS to theMA District of VDOT offered additional
opportunities for the evaluation.

3 Note: there are no current plans for this typ&gafeler information system.
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3.2.2 Second Interviews, February 2005
3.2.2.1 NoVA District

Attending this meeting were operations personriehmng personnel were invited but did not
attend. From the NoVA perspective, the evaluatibthe system is occurring too soon because
personnel had not had adequate time to use thensyssit.

A function that NoVA personnel thought would befusgvas the ability to monitor HOV lane
utilization. At that point, the ADMS did not hagespecific report to present data collected from
HOV lanes, but ad hoc reporting capabilities digsex(The HOV monitoring function was

being developed at this time and is now operationADMS Virginia for NoVA.)

The main deterrent to using the ADMS was the spéélde login and the queries — access time
was very slow, measured in many minuteSometimes, it was not possible to logon
successfully. Even when queries are small, usdraeed to wait a long time for the results.
First time users mentioned that the tool looked loeirsome, but with a little experience, became
easy to use and navigate. A short amount of trgiriperhaps a videotape demo — was
suggested as a way to overcome the initial learoimge.

One type of analysis that the ADMS currently doessdo is a “timeline” analysis of incidents.
That is, how long the various components of totaident duration are: detection, verification,
response, on-scene time, etc. Such an analysi®veo, requires that the data be accurately
collected by operations personnel before the ADMI$ store and summarize it. NoVA TMC is
not collecting all the data that would be neededdbuilding incidents, however, they are
making improvements towards getting to that poifitey hope the ADMS data structure and
functions could be modified in the future to accooaate this.

The issue was raised about the effectiveness AAERS to support real-time operations. The
time involved in retrieving and accessing archidath was seen as a hindrance to real-time use.
Operational planning, especially for HOV, was sasmaybe the best application set for the
ADMS. But the data has to be easy to access s&ed Maps of interstates and arterials with
seasonal trends and shifts would be valuable fortsange planning and evaluations. There
may be value for offline analysis, especially f@nisportation planners and operators. However,
the value of the data as it is used for real tipperations was seen as questionable.

One of the strong points of archived operations tathe fact that since it is continuous,
fluctuations in demand and congestion can be selemvever, other than providing data for
offline analysis (which the planners and operatavsld have to develop themselves), the
ADMS functions are not that useful. (“There netmlbe a better way of looking at the data
directly.”) Having the data in GIS format or innrse customized graphical views would be
helpful.

These suggested improvements were relatively neteiminds of NoVA personnel they had
not been discussed during the Build 4 user requngsnprocess. This was largely because

4 The ADMS Virginia developers have been aware efgpeed of access/query turnaround time issuebaed
been working to improve them since this intervieaswdone.
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NoVA personnel did not have a good idea of what passible until they started to use the
system.

The heaviest users of the ADMS were foreseen f@drmers and engineers involved in
planning activities. VDOT planners were askedxpegiment with the ADMS, but most of them
have not provided any feedback. People in operatim the TMC floor would be light users of
the system for the immediate future — their worlllemalready heavy. Training and internal
marketing of the tool could be improved.

Other potential uses that were identified for tHeMS would be performance monitoring
reports, especially for incident management. Tdta dould also be used in the data-intensive
traffic simulation models. Reformatting the dattoithe specific input structure for simulation
and travel demand forecasting models would be @&ndtiture enhancement that would avoid
post-processing the data by planners. The ADMSavbe helpful to determine the timing of
lane closures for work zones.

It was noted that VDOT is launching a departmerdenperformance measurement initiative.

As these requirements are pushed down to operatimmsalue of the ADMS becomes apparent.
Having continuous data on system conditions froemABDMS will be very useful. It will be

easy to meet internal reporting requirements aacktls the potential to slice the data in several
ways. One way would be to expand VDOT'’s Dashb@atdch currently only reports
construction progress) to include congestion gitedis Again, either the ADMS would have to

be modified to provide this function directly, aor affline application fed with data from the
ADMS would have to be developed.

The main problem with the ADMS for NoVA was reitiyd — the accessibility (logon ability) of
the system and the speed of downloads and queBedutions suggested by the interviewees
were to increase bandwidth or download the dataniytet, although ADMS Virginia
developers have been working to improve the speed.

3.2.2.2 HRPDC and HRSTC

These two organizations are reported togetherdse ef discussion. In summary, the evaluators
found that little had changed from the time th&iahinterviews were done. HRSTC had made
no operational use of the ADMS. HRPDC still exgesbinterest in using the ADMS to supply
data for planning applications, but with one nog¢adstception, had still only used the system in
an exploratory way. The notable exception is HRPDC is currently using the ADMS to help
produce their reports on the incident responserprog The details of the discussions with these
two agencies follow.

Performance Measurement and Decision-Making

Recent changes within VDOT that reflect the inceglasnportance of improving operational
performance of the roadway system have not yet teftacted in active requests for and use of
performance statistics for Hampton Roads. Consatyeelatively little use of the ADMS has
taken place in these organizations as of the projesrviews.

As with many roadway agencies, resources at botRIH{Rand HRSTC are already stretched
very thin. Because there has been no formal reggomrequirement for performance information
on the Hampton Roads freeway network, and untém#dg, no clear audience for such reports,
few resources have been allocated to the use &mDMS. For example, reporting on facility
performance was not a contract task for the cotarataffing the HRSTC. The lack of facility

-34 -



performance reporting is likely to change with tiesv organizational structure adopted by
VDOT and the corresponding increase in visibilitypperations within the Department. The
new organizational structure, combined with VDOiRisreased reporting of performance
statistics is expected to increase use of the AlMEBe near future. VDOT’s Chief of Systems
Operations will become the “primary client” withine Department for this information, thus
increasing interest in, and likely resources ferf@rmance measures that can be most
effectively produced by the ADMS. HRSTC is a likehndidate for producing these reports,
but whether they or some other group (such as HRRiBEtasked with these efforts is still
being determined by VDOT.

The VDOT organizational changes may also resuttimor modifications to the ADMS
software. While VDOT's new organizational struetwvill result in the publication of
operational performance measures, no specific measiave been determined. Once these
measures are selected, the ADMS may need to bgetida quickly and easily produce those
statistics. There has been talk of VDOT requesdiggarterly performance report from each
District, but the content of that report is curtgninknown and the availability of additional data
collection resources to support that reportingréfoalso unknown.

Organizational changes similar to those being imgleted by VDOT that increase the profile of
operations have not yet occurred within the trartgion agencies in the region. Each of the
groups we interviewed noted that in Virginia, fumglwas passed directly to the seven
independent municipalities in the region, and thosicipalities select their own projects to
receive that funding. The result is that theneiatively little incentive (or funding) to address
regional problems, unless the local impacts fromrlygerforming regional facilities result in
problems for specific municipalities. The resslthat there is relatively little call at the reggd
level for a more numerically based, data intensiggional view of facility performance. Such a
reporting system simply doesn’t match the politdatision-making style of the region.
(Perhaps this attitude is best explained by paesnig one interviewee’s view of the regional
project selection process, “If we don’'t have mofweya construction project, we won't study it,
and if we have money for the project, we don’t neestudy it.”)

Effect of Policy Decisions

As with many states, there appears to have beativedy little historical interest within Virginia
to measure the effectiveness of many transportaiitioy decisions, or the specific
implementations of systems intended to meet palmggctives. To the credit of both VDOT and
HRPDC, efforts are now underway to provide morerimfation describing on the effects of
many statewide and regional policies on transportatystems performance.

An example of this transition in attitude towardsfprmance measures involves the Hampton
Roads incident response patrols. At one point, Y20t back funding for incident response
patrols as a result of the loss of general trartapon funding in the state. The money was
restored as a result of an outcry from the publit,an analysis that said roadway performance
was suffering from the reduction in response veisiclHowever, HRPDC is now producing
ongoing reports on the performance of the VDOTdani response program so that the
performance of this program can now be quantified.

A lesson learned from our interviews is that agemtihat do not actively seek to use or provide
information on facility performance are less likétyneed, use or benefit from an ADMS.
However, the national trend is towards greaterltegbaccountability in government. We
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expect this to result in increased need for thesyqf performance reporting that can be most
effectively provided by an ADMS.

Places Where the ADMS Would Be Beneficial

There are several periodic studies done by VDOT/BI&Bhat would benefit strongly from the
ADMS, if the ADMS contained valid data, and if thiaff accessed it. The most obvious of
these efforts would be to report on the use anfbpeance of the Hampton Roads HOV system
and on the congestion experienced at the two tannel

Currently VDOT performs additional, special purpodata collection (volumes and travel times)
on the HOV system and its parallel general purpases in order to examine the performance of
the HOV system. If the data in the ADMS were fgka these tasks could easily be completed
without additional data collection (other than \@fioccupancy counting.) However, there is
little thought of doing such an analysis, sinceAlEMS simply doesn’t have the data quality
needed to perform these studies and the effortagoove data quality are proceeding slowly.

The ADMS could be a key tool in studying the poi@rfor use of the HOV lanes as a HOT
facility. It would also be essential for measurpegformance changes on the facility if VDOT
were to implement HOT lanes in Hampton Roads. ysislof the performance changes would
be key to effectively managing the operation of H@@T lanes, especially if the HOT lanes
involve some aspect of congestion pricing in otdanaintain free flow operations during peak
periods. The TMC operations staff we spoke to dite thought to performing these analyses,
and the current level of data quality most liketgyents their currently being done with the
ADMS. The HRPDC staff had considered the use ®ABDMS to examine general tolling
options for the region (mostly in conjunction wétproposal to build a third tunnel), but lack the
resources to perform such a study (not to menhierptoblems with data quality.)

The second obvious place where the ADMS would kagrfificant use is for reporting and
managing the delays found at the two tunnel crgssirsuch a report would be of significant
assistance in obtaining legislative assistanceHlanging operational policy in the region.
Currently, significant delays are caused by thalrieeshut down both directions of traffic
approaching either tunnel whenever an over-heightcle attempts to use that tunnel. The dual
stoppage of traffic creates considerable congedtiotthe trucks causing the congestion are not
fined or punished. The region would like the statgslature to adopt a fine/fee/deterrent in
order to reduce the number of these occurrencesmple performance report listing the
number of times over-height trucks result in tenapproadway closures, and the delays caused
by those closures would most likely provide the amition needed to pass this change in the
Virginia legal code. Analysis of delays causediagr-height truck movements combined with
historical traffic volume patterns would also alldMC personnel to more effectively select
appropriate times to actually close the roadwayelsas improve the estimates of delays given
to motorists when closures are taking place.

Even though tunnel delays are a major public infirom task of the TMC, no analysis of their
size, frequency, or cause has been performed.nAtiea lack of accurate sensor coverage seems
to prohibit, at this time, this type of routine &sds and reporting. (Note that this is partly a
function of the current detector placement, andyarresult of the poor performance of those
sensors which do exist.) VMS messages describipgated tunnel delays are currently based

on an operator’'s empirical knowledge of expectddyderelative to the length of traffic queues

as measured by visual inspection off of the CCTstay. VMS messages are NOT stored, so it
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is not even possible to get a historical estimaternel delays based on posted VMS messages.
Storing VMS messages in the ADMS might allow sugiedormance report to be produced.

Another place where the ADMS could be used, butrevke date no request has been made to
use it, is for reviewing traffic management praesithat maintain traffic flow into and out of the
beaches on weekends. The Virginia Beach areéiey sourist destination, and the reversible
roadway operation is used to help bring tourists and out of the beach area on weekends. No
analysis has been performed to determine if thegjraf changes in the reversible roadway’s
direction of operation could be improved, or iftbrscal roadway performance information

could be used to provide advanced traveler infaondb further improve roadway performance.

The ADMS might also be used to help develop the BREEongestion Monitoring report done
every three years. Currently that report (basedottime counts and a single floating car run
done on each major corridor) is primarily compitesing special data collection efforts. With
some forethought and a modest extension of thereattm data collection effort, the ADMS
might be able to provide much more detailed andirate congestion estimates for this report, as
well as provide for a more routine update of thmsasurements.

It should be noted that Hampton Roads has a lit@édtch-22 dilemma when it comes to
increased data collection. The region has limitedls for detector expansion, operation, and
maintenance, because it can not show the bendfieaise of the added surveillance
expenditures. Unfortunately, it can not show thoseefits without the additional data that
would be provided by the extra detection.

HRPDC is currently using the ADMS to help produeeit reports on the incident response
program. The current HRPDC report basically fisessnumber of incidents responded to by
VDOT, but does not quantify the congestion assediatith those incidents or the benefits from
having the incident response program in place.

HRPDC also has begun to produce an annual repdheofstate of the region’s roads.” This
report would be a logical place to publish ADMS drhsoadway performance statistics. The
only real issue is whether the ADMS data qualigiypems will be corrected enough to allow the
use of the data in this fashion, and whether th® BIR can afford to produce the report with the
greater level of detail provided by the ADMS.

Potential ADMS Improvements Suggested by HRPDC anHIRSTC

For those staff that have used the ADMS to dati, gaality and availability issues dominated
their view of the usefulness of the system. Whesged for additional information, it became
clear that there are two basic groups of users;dbeal user, and the routine user.

The casual (or infrequent) user generally foundsiystem to be somewhat slow and

intimidating. HRPDC staff that fell within this wgory indicated that until you were familiar

with the system, even getting simple statistichag AADT values from the ADMS was

difficult. A conclusion that may be drawn fromghs that making access to finished data
products easier is key to encouraging these indalglto use the system more often. This means
that more “canned” reports (tailored to specifipaging needs) probably would need to be
created, and the user interface may need to begetasiightly in order to make it obvious how

to obtain those outputs.

On the other hand, routine users of the systenmalidind the system confusing. Training and
familiarity with the system resulted in the usetslity to easily obtain the data they were
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interested in (provided that data existed at dlhese users were more interested in obtaining
fairly raw statistics and data from the databasétliey too expressed interest in speeding and
simplifying the interface process for getting kepdway statistics. The operators, in particular,
could foresee using the ADMS much more if they hmate “easy to obtain” reports. However
until these reports became both easier to obtaimaore relevant to how their job performance
was judged it is unlikely that the operators witass the ADMS routinely.

HRPDC staff also noted that the Phase 2 detectensav coming on-line, but that the ADMS
referencing system has not been kept up to datetiuitse data updates. It is therefore not
possible for the “average user” to determine whileese new detectors are located. The ADMS
may need some additional configuration managemgict in order to address this problem in
the future.

The HRPDC staff was also interested in having ncorggestion performance related workshops
taught in Hampton Roads. And they were also istectin having more training done for staff
at the local level.

Data Quality, Validation, and Availability

As noted elsewhere, the lack of data quality igyaicant roadblock towards more active use of
the ADMS. Most of the Phase 1 detectors do naeadly work, and for much of the time when
they did work, data quality was highly suspect.e Dperators interviewed indicated that the data
currently being collected has never been validatédne of the groups we interviewed felt it

was really their job to perform that validation.

The upcoming performance-based TMC contract mayglsome of those duties to the TMC,
but there still appears to be disconnects betwdtareht divisions within VDOT on who is
responsible for (and must fund) the maintenanciofeillance equipment. For example, the
Phase 3 detector contract appears to be purchasingtic detectors that have traditionally had
problems performing accurately at speeds below 80.nConsequently, TMC staff is concerned
about the performance of the detectors purchaseeruhe Phase 3 expansion, but appears to
have no ability to do much about this concern.t dasmportantly, there is little budget available
for repairing or replacing failed detectors aftdsecomes clear that a detector has failed.

The TMC currently has little detection on manylod toads that ought to be included in a
‘regional freeway performance report.” Cost-effeetextension of data collection to those
roadways appears to require both additional senandsa change in the nature of the sensors
used. (For example, detection might be primaniigrded towards collecting travel time data on
key roadway segments supported by limited traffilumne data, rather looking to expand the
existing point detection system.) Such a changensor deployment would require changes to
the ADMS.

Other Issues

HRPDC indicated that it would be possible for VD@Trequest funding for studies that used the
ADMS through the regular HRPDC process. Theresuasiderable speculation about whether
CMAQ funds could be used to support this type @aflgsis. However, funding from this source

is unlikely to be available for detector mainter&aoc repair.

The HRPDC has an ITS Committee that is currentyrgbd with determining where Operations
Planning will take place. (Should it be a functmfrthe agency that operates the roadway, or
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should it be a regionally controlled system.) They getting good support for this function
from VDOT, but the decisions have not been madkisitime.

Summary Lesson Learned

Our discussions in Hampton Roads highlighted aésson learned. Use of an ADMS and the
guality of data included in that ADMS are direatiyrrelated to how actively agencies are using
(or are interested in using) performance meashasiescribe facility operations for decision

making

For an ADMS to be useful, the performance meassuel a system produces must be actively
used by an agency. If no one actively uses pedoo®a measures to make decisions, the quality
of the data in the ADMS tends to degrade. Thelresthat when the ADMS is accessed, data
guality issues tend to limit the usefulness ofdhghive. On the other hand, if the data are
routinely used, data quality issues are identifgt fixed) when they occur, because decision
makers are relying on, and value, those data.

Historically, facility performance measures have loeen actively used in Hampton Roads.
Neither HRPDC nor HRSTC had seen reporting on regdvperational performance as “being
their job.” The result is that data quality in tARBMS has suffered, further degrading the use of
the ADMS for other purposes. Both VDOT and HRPDE€ia the process of trying to increase
their use of facility performance measures. Faneple, it has been suggested by some parties
that VDOT use such measures as one measure aftlpefformance of the next contractor
chosen to operate the HRSTC. If the reliabilityaddway operation is used as a factor for
judging (and paying) the TMC contractor, then bibid contractor and the agency hiring the
contractor have a direct interest in accuratelysugag and understanding the performance of
those facilities. Such an interest will causedhbality of the data to improve, as well as
dramatically increase the use of the ADMS as aftmalmproving roadway performance.

3.2.3 Final Interviews, May 2005
3.2.3.1 VDOT, Smart Travel Laboratory (STL), University of Virginia

The STL was the ADMS Virginia project coordinatdrhey performed the functional design of
the system and supplied many of the algorithmsléda processing such as quality control
procedures, imputation, and the travel forecaginogedure.

A formal user requirement process was followed wheISTL and their software contractor
(Open Roads) interviewed potential ADMS users. $lithat the process they followed led to
effective system design and would not do anythiffgeréntly. Initially when they went to the
stakeholders with user requirements and desigrifgagions, they received no feedback. It was
felt that potential users did not have enough t&iaeact to, so mockups of the interim builds
were provided at subsequent sessions. Giving txasples to stakeholders was essential to
getting feedback from them.

The HRSTC is contractor-operated with VDOT supeovis Initially, this was thought to be a
potential problem, but this has never become areis¥he HRSTC team there is very well
integrated, primarily because URS has had the acnfior a long time and work well with
VDOT personnel.
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STL personnel reflected on the primary users ofAB&1S — it is not designed primarily for the
TMC operator for use in real-time; the tool is m@eplanning applications, both operations
planning and traditional planning applicationswés observed that in order to be effecany
software application for “on the floor” use at a Thinust be integrated with existing TMC
software. That is, it must be part of the samesotanthat operators use — anything else is simply
not “ergonomic” or time-efficient to use. Also,aqy interfaces have to be relatively automatic
“point and click” — operators are simply too busystructure custom queries.

User feedback has been positive. They like themit that the ADMS affords and are asking
for more data, more coverage, and better quality. ddhe speed of the queries (noted in the
February interviews) had been relayed as a problEnms is being addressed in a software
update, Build 4.1. The slowness in the speed efigs was related to several factors. Some
gueries were not structured properly in SQL. Atbe, shp files from GIS added to the time
needed to run the queries. These map layers im@I8e available for future applications.
There were no complaints about the interface. T thrilled about getting to the data so
easily.

There is a growing interest in archiving data tigloaut the state. Virginia Beach wants to
archive their signal data, but this is only in #ely discussion stages. VDOT is talking about a
statewide incident log. They would be able to tkbse sources to the ADMS, should funding
be made available. It was observed that ADMS Yiighas demonstrated the value of archived
data as a resource for many applications. It hedentransportation personnel aware of the
vastness of the data available, and it also magta #ware that quality matters. There has been
more attention on data now than ever before irhisiory of VDOT — the new performance
measure initiative is proof of that. Itis likelyat the first aspect of performance that will be
considered is related to incidents — much datadjrexist on incidents and there is not same
issue of quality and coverage as for detector data.

Build 4.1 also incorporates another feature repldoiethe NoVA personnel the February
interviews. It will allow analysis of congestioatgerns on the 1-95 and 1-395 HOV lanes.
VDOT needs to quantify the demand usage on thesesiele lanes. Such an application is an
example of how the ADMS may be used to supportatmeral planning.

Many data issues had to be addressed by ADMS Vargivat the TMCs would have had to
address eventually anyway. Foremost of these heasdordinates of the field detectors, and the
naming conventions for the detectors (configuratrmnagement). ADMS developers verified
locations of the detectors. This rectificationlwihve benefit for the TMCs as well as for ADMS
Virginia users. The base maps are from the VDOS @vision, most of which are in ArcGIS.

Data security is also an issue — in the case ofg@mRoads, the data is put behind a firewall,
and the ADMS accesses the data there. NoVA trdaghe data via ftp the data to STL every
minute,a mutual decision between the NOVASTC and the ADMS team based on aggregation
parameters.

The addition of RTMS to the detector inventory ddawt pose a problem. The RTMS
specification says that it has to look like a lodfhe structure of the data from RTMS and loop
detectors look the same. The inventory file désswhat type of detector exists, but the data
structure is indistinguishable.
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From the outset of the project, portability frone thitial deployment (Hampton Roads) was
assumed. To enhance portability, the data schessaleveloped to be consistent with national
and VDOT standards (primarily the Traffic Manage@ata Dictionary). When porting to
NoVA, data translation code had to be written togata into the standard schema, but it was
relatively easy to do so. Having this commonahtyhe underlying data structure (schema)
helps to keep performance measures consistent.

The issue of data quality has been the dominane issthe usage of the ADMS. The QC
procedures and quality reports are two ways the AOfdn exert influence on the quality issue,
but ultimately it ties back to the status of fieletectors: proper installation, calibration, and
maintenance of the detectors are the only actiwaiswill improve data quality. These are
outside of the control of the ADMS — this functigesides at the TMCs. Feedback to the TMCs
on data quality status has been initiated in Hamptoads, but correcting the problems with
field equipment and communications that lead ta dafality problems has not yet been
undertaken (although it is viewed as important).

VDOT has set aside $300,000 annually to maintathupgrade ADMS Virginia. At STL, there
is one full-time database administrator, one peretdatabase administrator, one part-time
documentation person, and one full-time softwarsge If the ADMS maintenance takes up
1/3 of the time, then maintaining the ADMS may takeut one to one and a half persons.

STL personnel gave their insights on lessons |ebtimat can be beneficial to other ADMS
developers:

* Involvement of stakeholders early on in the requeats process is critical. Because
personnel may not have a good idea of what datst exiwhat they could be used for,
mockups of outputs for the Hampton Roads persowsee very helpful in generating
interest.

* The Build approach was very helpful in developihg system. If nothing else, it provided
a base system early in the development cycle fersu® provide reaction. The builds had
very fast turnarounds. The interim builds helpeddrify requirements.

» Traditional data providers/collectors (such adfittahonitoring programs) may not want to
use data that they do not produce. However, theyrore inclined to use it if the data is
packaged in some way that is important and useftheém. STL is slightly removed from
the data source and data users. They can hekvggtone to the table and help them to
communicate.

» Professional software development, following stadd&l' procedures such as user
requirements sessions and system requirementsfispgons — ensures a workable
system. STL was very happy with Open Roads — théythings the “right way” (e.g.,
proper system documentation) and were very respemtginew requirements.

3.2.3.2 NoVA District of VDOT

The Evaluation Team contacted the NoVA districts¢bedule a final interview. However, we
learned that usage of the ADMS had not increasmd ffebruary. Logon to the system was still
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a problem. NoVA personnel recommended that wenetview them as the lack of usage
would not reveal anything beyond what was learnétdeaFebruary interviews.

3.2.3.3 Open Roads Consulting, Inc (ORCI)

ORCI provided the software engineering for ADMSg#ia. The interview was structured into
several major topics:

* Project Roles and Responsibilities
* ADMS Implementation/Operation
*  ADMS Improvements
* Portability

Project Roles and Responsibilities

STL developed th€oncept of Operationshe detailed system requirements, and also siseerv
stakeholder input. ORCI's role was to developdystem but they participated actively in all of
the up-front activities and provided feedback dgitime process. The participation of ORCI in
this process was important in assuring that thdymbaddressed the goals, objectives, and
requirements of the project.

The original contract called for a single systemldgment but the team decided instead to
implement the project in three sets of builds.oArth build was later added for Northern
Virginia. ORCI saw the benefits of the multipleildiapproach from the beginning but had
concerns about making such a significant changiegt@riginal plan. While this change
involved some risk, the phased build approach timé to be beneficial. The developers
received feedback after each build and were ahlapoove the product as a result. A robust
requirements definition process was included asqiaach build. The three key members of
the team, VDOT, STL, and ORCI knew each other aetl worked together closely. Regular
meetings fostered cooperation and helped keeprtjegp on track. Each build had its own set
of requirements and was conducted as a separgéetptout added incrementally to the work of
the previous builds.

The other major change from the original plan wses af a real-time GIS web-based interface.
This was implemented in Build 2, to replace thgioal image map. This has been beneficial to
the project and has been well-received. Real teatures include current conditions, active
incidents and detector quality reports. Data quadiports have been useful to both maintenance
personnel. Planners and traffic engineers alse haade use of these reports in order to
determine which data sources to use.

All of the planned capabilities have been impleradntOther than the two items mentioned
above there were only minor modifications in thigioal requirements. As a result of the
multiple builds, there were less overall changahecapabilities vs. the requirements. The
multiple builds allowed for the incremental redéfop of requirements to meet the stakeholders’
needs

STL serves as the primary interface for users. shiséem does provide an easy way for users to
provide feedback or ask questions. These go tol&ifimay be passed along to ORCI. Planners
and traffic engineers have been primary users.relhave been more requests recently from
consultants doing traffic congestion studies aiseéaechers from out of state. This appears to be
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a unique resource. The flexibility of the systenperhaps its greatest benefit. The data are
available to anyone who wants it and through theryjaystem users can find the information
that is useful to them.

STL was responsible for compiling data from thédfidetectors and developing the standardized
database. ORCI was able to develop the interfaae based on this standardized format. In
this arrangement, STL took the brunt of the resjmlitges related to data quality and shielded
ORCI from dealing with these issues (i.e., custamgizhe system to address these data
problems). The availability of this central datadallowed ORCI to develop their tools on an
agreed data format and promoted the greater pbtyatfithe tools.

ADMS Implementation/Operation

Close coordination between the parties was a nfiagbor in the success of the project. The
project team had weekly meetings to review progagskthese were important in making sure
everything stayed on track. The meetings were@alby helpful in handling the shift from a
single system deployment to build phases. VDOThasiltimate client, was proactive in
making needed decisions.

STL had unique expertise that contributed to theeasss of the project. They had very strong
database expertise that they used to develop dateersion procedures and clean up the data.
This was combined with strong domain expertisél'ta &nd transportation. Their ability to
address data gaps was important in making surgytem met the requirements and needs of
the users.

Rapid prototyping was used to obtain feedback foath stakeholders and the internal team.
Some early versions of the software were issuegltorthe internal team for testing. Some very
good input was obtained from both VDOT and STL bingd this. After these reviews the
system was tested by a wider group of stakehold@tsing the development process, pages
would be posted to a website as they were develtpaliow team members to review and make
comments while the functionality was still beingdmed. This provided immediate feedback
on the appropriateness of the design.

The data quality issues were raised early on duBintgd 1. The visibility of these issues
highlighted the need to address data gaps in tivwase development process. It also raised the
visibility of the detector maintenance issue for@D.

ORCI made much greater use of third-party tools trdginally anticipated. These tools
worked effectively, saved development time and éelp produce a better product. The
implementation through build phases made it easiercorporate these tools and other new
technology as the project progressed. The tradeaffing these off the shelf components was
that ORCI had less control and ability to custontieeapplication. The development team
worked closely to weigh the benefits of rapid inmpéntation and lessened resource demands
against the loss of flexibility/customized capatak.

The strong points of the system are its flexibilityesponding to different types of queries. The
graphics and mapping capabilities are also stramgte of the system.

ADMS Improvements

The speed of the system has been a concern forssen® ORCI is looking for ways to speed
up the system but there are many variables imppeticess time that are difficult to calculate —
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most related to external issues of data transfer the internet. The system currently provides
an estimate of query time; however, the time edesare approximate (e.g., less than 5
minutes) since it is difficult to gauge the impatthese external factors that impact transfer
time. ORCI noted that the software was develapeag a smaller, fixed database. It would
have been helpful to grow the database concurrernttythe development effort. Although the
fields were identical to the production databastalowed the various analysis capabilities to
be successfully developed, the eventual size ofiéi@base contained many more records than
anticipated. Having a more accurate representafitime final database would have allowed for
greater optimization of the algorithms and providdaoktter indication of query time as the
database grew.

ORCI noted that the speed could be improved foresosers by developing a series of standard
reports. For those users who want the same sktafon a regular basis, standard reports would
be faster. Focused, packaged reports may helrémtamore usage from operational users,
since they need information quickly for decisionking. The ADMS is developed using open
source, providing the opportunity for these staddpreries to be made on a system-to-system
basis.

Use of the system for operational purposes wamanoritant goal. ORCI noted that Hampton
Roads has been interested in using the data fde maore planning. ORCI also noted that in
their installation on the I-81 corridor there isarest in having the TMC central system draw
data directly from the ADMS. Automating this capdypwould provide quick access to data for
management decisions, particularly in addressimdammed events such as incidents and bad
weather.

Portability

Portability was the major issues addressed in Byildith the installation in Northern Virginia.
This has been successfully accomplished due toaeaetors:

The availability of a common database and datas@aselards;

Use of standard and accepted software developmactiqes;

Use of open source technology; and

Very thorough and extensive documentation thavaslable on-line.

One key to successful portability is controllingstamization. Ideally all systems would receive
the same data so the platform can remain the s@R&€I noted, for example, that Northern
Virginia did not initially have weather data so sooustomization was needed to remove the
displays> The team carefully weighed the tradeoff: Isatter to have a standard template for
all areas and risk showing blank fields when datanavailable, or is it preferable to customize
the outputs to the specific data availability aingited the reusability/portability of the system.
In general, customization was limited in Build 4.

3.2.3.4 Summary of Major Lessons Learned

The standardization of archived data on a stateiddés was seen as having numerous benefits.
It permits the query and display systems to bdyeperted and provides a common basis for

5 Weather data has recently been added to the Navttop ADMS Virginia
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statewide system performance measurement. Tlusakbled ORCI, as the software
developer, to concentrate on their task using @& cet of requirements. They were able to
interface with users through a central point, SEther than dealing with multiple parties. The
high level of technical expertise at STL was caltim accomplishing this. Knowledge of
databases and ITS/traffic was important. A ledsother States is that before funding
individual systems to develop stand-alone ADMSytslgould consider using University
resources to standardize the systems across ttee Sta

The phased incremental approach to software dewanpwas very successful for the Virginia
ADMS. This approach enabled both internal devat®pead stakeholders to test the system
before its completion and provide feedback. Iba@sabled the software developers to
incorporate new tools and technologies as theyrbeavailable, without causing delays in the
project. Rapid prototyping was also a helpful naagdm in obtaining client feedback.

Weekly meetings of the project team were an imporégement in success of the project,
particularly in the beginning. Small issues wergked out and did not become large problems
later on. Frequent contact among the team menmbeasit that minor adjustments could be
made with little difficulty.

The flexibility of the query system makes the systeseful to a wider range of users. However,
some users become impatient with the time it tdkesystem to execute large queries. Some
users may benefit from the development of standgydrts.

It is helpful to test the system on the full datdyaas well as a limited sample of the database.
This will provide a better understanding of syste@sponse time.

Reports on data quality have been very helpfuhéend users. In addition to maintenance
personnel, planners and traffic engineers havedidliat these reports provide a better
understanding of the data and help them to foceis tfueries on higher quality data. This issue
should be raised and addressed early in the s&tderelopment process.

3.3 Evaluation of Hypotheses

For subjective information, this section relies\ilyeon the results of the interviews documented
in the previous section. In these cases, the atialurefers back to the interviews, but does not
repeat the full text.

3.3.1 TMC Operations Planning

3.3.1.1 Hypothesis #1: Archived data tools enaBlEC staff to perform more effective
Operations Planning

Goal: Improved TMC operations

Discussion: As shown in the interviews, STC staff did not ttee ADMS for operations

planning during the evaluation period. Operatiplasning was cited as the most practical use
of the ADMS by STC personnel, but they currentilittte in this regard. STC’s focus is on
real-time management of the system, mainly thraxggirdinated incident management and
posting traveler information. A big part of tlissue is related to how the STC is staffed — most
of the personnel are contractors. VDOT managgusessed positive comments about how this
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relationship is working and by all accounts dayd&ay operations functions are handled very
well. However, the contractors are not requiredanrihe terms of the existing contract to do
any type of operations planning. VDOT has very &aff at the STC, and their duties are
consumed by managing and overseeing the contradtamally, there was a feeling among STC
staff that HRPDC is the group that “studies thingstl they would be the proper unit to conduct
operational planning in the short-term. Howewvee, telationship between STC and HRPDC
with regard to operations planning is still beingrieed out, so during the evaluation period,
neither STC nor HRPDC had used the ADMS for openatplanning.

Another major impediment to ADMS use — for openasiplanning or anything else — was the
severe data quality and availability problem. Tw&s cited by the STC as the main reason why
the ADMS was not explored (“the data are so incatgpivhy bother with any analysis for

now”). However, given the above discussion, itas clear if the ADMS would have been used
for operations planning even if data quality waghhi

3.3.1.2 Hypothesis #2: Use of the ADMS ImprovestBy Wide Travel Conditions

Goal: Less total delay and increased reliability

Discussion: The low overall quality of the data makes it idifilt to draw any conclusions from
data analysis. When coupled with the fact thatABMS was not used to effect operations, it is
clear that any changes in congestion or reliadigitaels can not be attributed to ADMS Virginia.

Nonetheless, an analysis of the data was undertakiem data used came directly from the
HRSTC for years 2000-2003. The data for 2004 cam@&DMS Virginia. Data were subjected
to the quality control procedures used in FHWA'skMity Monitoring Programs. These
procedures encompass those used by ADMS Virginia gveral others. Tables 2, 3, and 4
illustrate the history of the data quality problemHampton Roads in dramatic fashion:

* The decrease in congestion and reliability betw&@0 and 2001 is extremely large and
probably due to data problems than any true dropoimgestion. A review of VMT
changes using HPMS data (Table 4) shows that VMiTeased by almost three percent
from 2000 to 2001, lending credence to a data tyuatoblem. (Lane-miles were almost
constant.

* The availability of data in 2002 was almost nontis Due to the combination of data
not being reported from the field and failing Q@gedures.

* The extreme increase in congestion and reliabitit®003 is clearly due to a data quality
problem. Review of the data and discussions with fBdicated that unrealistically low
speeds were being reported from the field. Thpseds were still within the range- and
cross-checks used by the QC procedures but wdréoféle aberrations caused by poor
maintenance of field equipmeﬁt.

« The 2004 data appear more realistic, but are stibstantially higher than 2001.
However, note that the coverage actually doubled0@4! It is not known whether the

¢ Htpp://mobility/tamu.edu/mmp

7 This shows the importance of checking the outpiietd equipment with spot checls the field Post hoc QC
tests are limited in the data problems that theyazdch.
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apparent improvement in data quality includes fgoty the aberrantly low speed
problem. Nor is it likely to be known without inglendent field validation of detector
measurements.



Corridor

[-64, EB (I-564 to 1-264)

I-64, EB (I-264 to Ches. City Line)
[-64, WB (Ches. City Line to 1-264)
[-64, WB (I-264 to 1-564)

[-64 HOV (1-564 to 1-64)

[-264, EB (I-64 to Va. Beach)
[-264, WB (Va. Beach to 1-64)
I-564, EB (Naval Station to 1-64)
[-564, WB (I-64 to Naval Station)
[-64 EB: 8th View St. to 1-564

[-64 EB: 1-664 to S. Willard Ave
[-64 WB:1-564 to 8th View St

[-64 WB: S. Willard Ave to 1-664

I-264 EB: Va. Beach to Birdcheck Rd
I-264 WB: Birdcheck Rd to Va. Beach

[-664 EB: 39th St to 1-64
[-664 WB: 1-64 to 39th St

I-64 EB: Bainbridge Blvd to College Park

Blvd

I-64 WB: College Park Blvd to Bainbridge

Blvd

7.90
3.95
3.90
7.95
9.20
7.55
7.55
2.40
2.90
3.69
3.88
3.94
3.89
5.42
5.39
3.99
4.01

5.27

5.28

2000

No data
No data
No data
No data

No data
No data

1.03

1.00
1.18

Travel Time Index

2001
1.03
1.01
1.02
1.03
1.01
1.00
1.00
1.01
1.02

2002
1.13
1.12

No data
1.00

No data
1.02
1.02

No data

No data

2003

2.16

1.42

1.45

1.38

1.31
No data
No data
No data
No data

2004
1.42
1.41
1.28
1.28
1.23
1.21
1.39
1.61
1.06
1.07
131
1.37
1.06
1.03
1.03
1.04
1.07

1.11

1.03

The Travel Time Index (TTI) is a measure of total congestion. It is the ratio of the peak period travel time to the travel
time under ideal conditions. A TTI value of 1.2 indicates that peak period travel takes 20 percent longer than under

ideal conditions.

Table 2 Trends in the Travel Time Index on HamptornRoads Freeways

-48 -




Corridor

I-64, EB (I-564 to 1-264)

[-64, EB (1-264 to Ches. City Line)
[-64, WB (Ches. City Line to 1-264)
[-64, WB (I-264 to 1-564)

[-64 HOV (1-564 to 1-64)

[-264, EB (I-64 to Va. Beach)
[-264, WB (Va. Beach to 1-64)
I-564, EB (Naval Station to 1-64)
I-564, WB (I-64 to Naval Station)
I-64 EB: 8th View St. to 1-564

[-64 EB: 1-664 to S. Willard Ave
I-64 WB:1-564 to 8th View St

[-64 WB: S. Willard Ave to 1-664

I-264 EB: Va. Beach to Birdcheck Rd
I-264 WB: Birdcheck Rd to Va. Beach

[-664 EB: 39th St to 1-64
[-664 WB: 1-64 to 39th St

I-64 EB: Bainbridge Blvd to College Park Blvd
I-64 WB: College Park Blvd to Bainbridge Blvd

- 2000

7.90
3.95
3.90
7.95
9.20
7.55
7.55
2.40
2.90
3.69
3.88
3.94
3.89
5.42
5.39
3.99
4.01
5.27
5.28

No data
No data
No data
No data
3%
No data
No data
2%
55%

2001
13%
0%
6%
11%
0%
0%
0%
0%
0%

Buffer Index
2002
28%
34%
No data
0%
No data
4%
8%
No data
No data

Table 3 Trends in the Buffer Index on Hampton Road$-reeways
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2003

69%

43%

49%

50%

65%
No data
No data
No data
No data

2004
69%
81%
53%
73%
58%
46%
88%

184%
8%
13%
65%
68%
19%
8%
7%
8%
22%
39%
8%




Annual
VMT Pct. Lane-
Year (millions) | Change Miles
2000 3,525 653.8
2001 3,622 2.76% 652.8
2002 3,852 6.35% 672.2
2003 3,849 -0.07% 672.1

Source: HPMS Universe data
Table 4 VMT and Lane-Miles for the Norfolk-Hampton Roads Urban Area

3.3.2 Planning Functions

3.3.2.1 Hypothesis #3Availability of Archived Data Will Improve Accuracgf Regional
Planning Models

Goal: Improved Regional Planning

Discussion: For the evaluation period, it can be said thatviDVirginia did not improve the
accuracy of regional planning models. Data qualitg coverage problems were noted by
HRPDC as the major barrier to use in regional glagnmodels. Even if high quality data were
present, the fact that only a small percentagee# fieceways are currently covered by roadway
surveillance is a limiting. However, HRPDC notkd potential for improving the accuracy of
regional planning models by accessing the ADMSesEhinclude:

* Replacing AADTs based on short-duration traffic msu(usually 48-hour counts factored
to account for daily and seasonal variation) witineatly measured AADT using
continuous data from the ADMS.

*  When the HRPDC travel demand forecasting modelategrto a peak hour model (from a
daily model), deriving peak hour volumes and spebasctly from the ADMS rather than
relying on area wide peak-hour factors.

In addition to providing data inputs for the tradeimand forecasting model, HRPDC expects
that the ADMS will provide hourly speeds and volunier the DynaMIT traffic simulation
model. The ADMS currently provides these data ym&MIT input format.

3.3.2.2 Hypothesis #4Availability of Archived Data Will Reduce Cost ofdgional Planning
Models

Goal: Improved Regional Planning

Discussion: Because the ADMS had not been used to supplyfdiatagional planning models

at HRPDC, this hypothesis could not be tested. él@w in interviews, HRPDC staff stated that
the direct cost of collecting input data for regbplanning models would not be reduced by use
of the ADMS. Rather, the ADMS would be used tdexildata on the covered highway
segments, allowing data collection on additionghsents. In other words, HRPDC would
expect their data collection costs to remain caoristath use of the ADMS, but they would
expand their collection coverage. For HRPDC, wsild mean primarily conducting travel

time runs (floating cars) because VDOT takes waftiunts on the freeways. If VDOT could
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use the ADMS to collect volume data on coveredwsse (rather than having to deploy portable
equipment), there would be a direct cost savings.

3.3.3 General Archive Functions

3.3.3.1 Hypothesis #5: The ADMS Provides a Mecham for Improving the Quality of
Traffic Data

Goal: Improved data quality

Discussion: In most TMCs, only cursory review of field detactata is performed — the level of
checking is usually only if detectors are commutigawith the TMC or not (on or off).
Sometimes, field detectors will assign and commateierror codes and the TMC software will
check for outlandish values. However, these proasidetect only the grievous errors, allowing
more subtle ones to slip by.

STL took the issue of data quality very seriousbnt beginning of the project and designed into
the system a series of sophisticated data qualityral checks. STL defined these checks as
follows:

1. Maximum occupancy threshold — fail if occuparc5%

2. Overall maximum volume threshold — fail if volarm 3100 vehicles/lane/hour
3. Positive volume with zero speed — falil if voluragositive and speed zero
4

Maximum volume threshold with a reported occuyanf zero — fail if occupancy is zero
and volume > (volume when occupancy = 2%). Thisasibn appears because occupancy
is truncated to an integer and may result in a zahee, when in reality it is not.

5. Average Effective Vehicle Length — this testfplied only to data where all of speed,
volume, and occupancy are positive. This tesaget on:

AEVL =10*u*h/qgwhere

AEVL = Average Effective Vehicle Length

U = speed (km/h)

H = occupancy (%)

Q = hourly equivalent volume (vehicles/lane/hour)
Data fail this test if AEVL >18 or AEVL < 2.7

6. Records containing zeros for all three valueslufwe, occupancy, and speed) are
considered to be “bad”.

If data fail the QC tests — or are missing to begih — the data are flagged and imputation is
conducted (see below under Hypothesis #7).

As demonstrated above and discussed by the intezers data quality has been a serious
problem in Hampton Roads since at least 2002. dele were reviewed for quality using the QC
process from the Mobility Monitoring Program; regsudre shown in Table 5.
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Quality Attribute 2001 2002 2003 2004
% complete 35% 6% 39% 46%
% valid 43% 31% 58% 47%
% of VMT covered 9% 17% 18% 28%
% of freeway miles 11% 99 10% 29%

Notes: (1) Validity is reported as the percentafjsubmitted data values that passed
the quality control rules. (2) Completeness isorégd as the percentage of
data values available for use. It is calculatedtas ratio of total available data
values to total expected data values.

Table 5 Quality Control Test Results on Speed Datdjampton Roads, 2000 — 2004

The results for 2004 are encouraging in the sdraehie percent complete is the highest it's
ever been in Hampton Roads. They are discouragitige sense that quality still lags behind
that of many TMCs as illustrated in Table 6.

In summary, ADMS Virginia provides the basis forpraving data quality by producing
information that can be applied by users in thppligations and feedback to TMS personnel
about the quality of data reported from the fieldbwever, unless that information is acted upon
by TMC and leads to improved maintenance of figdtedtors, data quality will not be improved.
In fairness, this activity lies outside of the pew of ADMS Virginia and the evaluators found
that the system itself does exactly what it is £yl to do in the realm of data quality.
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Completeness (%)
Analysis Data
Volume Speed
Data Data

Albany, NY 38% 37%
Atlanta, GA 57% 54%
Austin, TX 7% 59%
Baltimore, MD 63% 57%
Charlotte, NC 55% 57%
Cincinnati, OH-KY 44% 41%
Dallas, TX 46% 44%
Detroit, Ml 61% 62%
El Paso, TX 33% 33%
Hampton Roads, VA 49% 39%
Houston, TX n.a. 56%
Los Angeles, CA 98% 98%
Louisville, KY 82% 76%
Milwaukee, WI 80% 7%
Minneapolis-St. Paul, MN 83% 79%
Orange County, CA 97% 93%
Orlando, FL

Philadelphia, PA 89% 88%
Phoenix, AZ 63% 60%
Pittsburgh, PA 17% 74%
Portland, OR 84% 83%
Riverside-San Bernardino, CA 70% 67%
Sacramento, CA 88% 83%
Salt Lake City, UT 44% 38%
San Antonio, TX 67% 66%
San Diego, CA 95% 92%
San Francisco, CA 97% 92%
Seattle, WA 80% 81%
Washington, DC 33% 33%

Source: Texas Transportation Institute and Cangei®ystematics, Monitoring Urban
Freeways in 2003: Current Conditions and TrendsrfrArchived Operations Data,
November 2004.

Table 6 Summary of 2003 Freeway Archived Data Completeness



3.3.3.2 Hypothesis #6: The ADMS Is Portable To O#r Areas

Goal: To Provide Transferability with A Minimum Gfistomization

Discussion: As discussed, the ADMS was successfully transgadad the NoVA District of

VDOT with minimal disruption. The success of thi@nsfer relied on the facts that (1) the
schema developed for Hampton Roads was a thor@jpgbsentation of how archived data
should be stored and (2) developing custom transl@rograms to populate the schema. There
were some problems with geolocation for some Nokdfequipment, but once these were
worked out, the ADMS performed properly. All okthpplications developed for Hampton
Roads were able to function for NoVA, presumablgehese the data collected by NoVA was
similar in scope to that collected in Hampton Roads

With regard to the schema, the Evaluation Teamdauto be very comprehensive and provided
a strong engine for ADMS Virginia applications. €@shortcoming that could be easily fixed is
the expansion of the incident data definitions guatlision of data on work zones. In fairness,
the expanded data for these events are not cyri@ikbcted by operators, so the ADMS would
have no source of the data. However, in the ndard, these types of data are likely to become
more important to operators. FHWA has initiatqalat project that explores collection of data
needed to support incident performance measures\aidation of incident management
programs. There is also a current FHWA project exploringkvoone performance measures
and the data need to support theifihe expanded data can include all of the follawivut even

a subset of them would aid in performance measureme

Incident Data

Data on the so-called “Incident Timeline” wouldoall operators greater flexibility in operations
planning. Decomposing total incident duration idiscrete “sub-events” is very useful for
performance monitoring; tracking the duration & Sub-events can help identify areas that
require improvement. Specifically, the followingipts on the incident timeline should be
captured:

* Incident Start Time — an estimate of the actuat stae of an incident, allowing for
gap between when it actually occurred and it wasatled. This will be a subjective
estimate.

* Incident Detection/Report Time — the time an inoideas detected by or reported to
the first agency involved in a coordinated incider@nagement program.

* Incident Verification Time — the time that an inerd was verified by an agency
involved in a coordinated incident management f@ogr

* Incident Response Dispatch Time — the time thé fesponder was notified of the
incident.

8 Focus States Initiative: Traffic Incident Managem@arformance Measures
http://ops.fhwa.dot.gov/incidentmgmt/

% http://ops.thwa.dot.gov/wz/decision_support/pedasurement.htm
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Incident Scene Arrival Time — the time the firsspender arrived at the incident
scene. This does not necessarily have to berStadsponder who was dispatched.

* Incident Lane Blockage Clearance Time — for incidethat block lanes or a partial
lane, the time that the blockage was either coralyieemoved or moved out of the
way (e.g., to shoulder) so that the full width k¢ tane is available for traffic.

* Incident Clearance Time — the time that the incdidess been physically removed
from the roadway environment.

* Incident Scene Departure Time — the time the lesponder leaves the scene of an
incident

 Time of Return to Normal Conditions (optional) —isthdata element is highly
subjective since “normal” conditions may be difficto determine in the field. For
example, if the incident has occurred during thakpperiod, “normal” conditions
might be congestion (queues present). If propmdyched to traffic sensor data, this
time can be determined analytically.

In addition to the timeline information, it may deble to monitor what happens to the highway
cross-section at the incident scene. This accdantonditions that may change during the
course of clearing an incident. For example, aeea collision may block a single lane

initially. When responders arrive, they may clagd additional lane in order to manage the
incident. Finally, once cleared, emergency vebiaay remain on the shoulder for some time.
All of these discrete events have a widely difféiempact on traffic flow.

The data would allow more refined analyses to éopaed as well as to track how well
responders are managing incident scenes (fromettsp@ctive of traffic flow.) The data

required for this task is presented below. The dastructured as the times that lane or shoulder
blocking events begin. Every time the nature eflifockage changes, a new entry is made. This
report suggests these data as optional since spemeias may not have the resources to collect
them.

* Begin Time of Blockage
* Number of Lanes Blocked/Right Shoulder Blocked/ISfoulder Blocked

* Nature of Blockage (emergency vehicles, incidemtived vehicles; debris; solid
cargo; liquid cargo; fuel spill)

Work Zone Data

« Work Zone Characteristics -- The actual and planckdnges in the roadway
environment created by the work zone. Used to mredabe extent of work zones in
time (duration) and space (amount of existing higynwwemoved for the work zone),
and their impact on safety and mobility. Also ugetraveler information services to
alert motorists to expected work zone conditioimeludes:

* Work zone type; longitudinal characteristics anteek (including details on

transition zones and tapers); duration of work zeharacteristics; major
cross-section characteristics:
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* Lane condition (width, minor shifts, height relaivto adjacent lane or
shoulder)

» Shoulder condition
» Lane re-direction (description of major changekaire alignments)
» Lateral clearance
* Lane closures, lane narrowing, ramp closures
e Work Zone Activities -- Activities related to traff management and
construction/rehabilitation in a work zone. Usead @ssess mobility and safety
impacts of traffic control plans and motorist guida as well as improvements in
construction planning and execution. Data shauttude:
» Specifications in traffic control plans;
» Times traffic control plans are in effect
» Traffic control device placement in the field andnes used (e.g.,
pavement markings, DMS and static signage, posdividance devices,

barriers)

» Construction and rehabilitation field activitiesgg crew size by task, task
duration, equipment used on-scene)

* Time of day and where in the work zone the workuoed.

3.3.3.3 Hypothesis #7: The ADMS Development Proceklas Met the Needs of the
Stakeholders

Goal: Exemplary or “Model” ADMS Design

Discussion: On this evaluation point, the Team found ADMSgifiia to be an exemplary
deployment of an archived data management systespeasfied in the National ITS
Architecture. It is consistent with ASTM Stand&#259,Standard Guide for Archiving and
Retrieving ITS-Generated Data the standard’s primary “guiding principles”simwn in Table
7. Several of ADMS Virginia’'s features are worigttlighting because the Evaluation Team
expects these to serve as state-of-the-practigeitiing the development of other ADMSs.

Metadata

The Evaluation Team found the design and use cdaagh in ADMS Virginia to be superb.
Traditional metadata — what ASTM E2259 calls “avelstructure metadata” — is readily
available to users — descriptions of data elemamisdata relationships.

“Processing documentation metadata” was also ieclud ADMS Virginia. In fact, the
Evaluation Team found this to be the first impletaéion of this concept in an ADMS. This is
information about how the data were processed.ubeatation on QC and imputation
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procedures is readily available. More importarttig “flagging” of data as having failed QC or
having been imputed is a major advancement of ADMSsally, the calculation of the

“normality index” — specifically develop for ADMSikginia — is a highly innovative feature that
could be use d in future deployments. This ind@viges users with information on how the
currently viewed data deviates form “normal” or pexcted” values for that location and time.

The final type of metadata specified in ASTM E225%ata collection system metadata” —
information about the equipment and conditions undgch data were collected. This type of
metadata was not included in ADMS Virginia becaitiseas not available (i.e., not collected by
operators). Provision could have been made inléte structure for it, but we see no reason why
ADMS Virginia should provide this if there is ncasonable chance of data being supplied by

operators.

Guiding Principle from Standard

Reliance on User Needs and
Requirements Process

ADMS Virginia Consistency

Highly consistent. A formal user requirements
process was pursued in the design of ADMS Virgir

na

Providing for Diverse Needs and
Requirements of Different Stakeholde

Highly consistent. A wide variety of stakeholders
were identified and involved in the user requiretae
process

Get Archived Data from Other Centerg

Highly coresist The traditional traffic monitoring
data was included in ADMS Virginia

Anticipate a Variety of Data Sources

Highly consistent. Traffic and event data were
included in ADMS Virginia

Retention of Original Source Data

Highly consistebtta as received from field
detectors can be maintained by ADMS Virginia

Manage Archive to Account for Data
Quality

Highly consistent. An exemplary feature of ADM¢
Virginia (see text)

Establish and Maintain Metadata

Highly consistef. exemplary feature of ADMS
Virginia (see text)

Process User Requests for Data and
Information

Highly consistent. The graphical user interface
allows for easy access to the ADMS

Support Analysis of Archived Data

Highly consisteMany pre-packaged analyses we
included in ADMS Virginia’s functionality

=

e

Prepare Data for Periodic Governmel
Reporting Systems

Somewhat consistent for traffic data where AADT
values are computed, but not directly linked tada

formats for other systems (e.g., HPMS)

Table 7 Consistency of ADMS Virginia with ASTM Stardard E2259

Imputation

From a user’s perspective, having missing traffitadilled in via reasonable imputation
methods is a powerful feature of an ADMS. Thipasticularly true for volume data, because
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most traffic measures involve summing volumes ewvee and space. (In contrast, speeds can
be treated as a sample since aggregations typaediywith average speeds.) Testing of various
imputation algorithms at STL has been ongoing fone time™® and represent the state of the
art in this field. Because imputation is transpate end users, the interviews did not reveal any
preferences or experiences with using imputed od#t@r than users would prefer high quality
measurements to begin with. When data are impaot&MS Virginia, metadata flags are set,
and users have the option in the applications écousot use imputed data in calculations of
statistics and performance measures. These fegitweide end users with options for
computing measures such as AADT — either they eletisimputed data and allow the system to
compute the measures, or they can download unimplat and use their own methods for
accounting for missing data.

System Development Costs

In addition to the $300,000 annual maintenanceesmidincement budget provided by VDOT,
the actual development effort (in terms of hourky)is provided in Table 8.

Open Roads Labor
Category Hours

Build 1 | Build 2 | Build 3 | Build 4
PM/Admin 131 164 98 39
Sr. Software Engineer 417 108 49 10
Software Engineer 394 502 584 452
Programmer 148 1011 575 324
Total Hours/Build 109(C 178t 130¢ 82t
Total Hours 5006

Tables 8 Software Development Level of Effort for ®CI

User Access

Table 9 shows the number of active users of ADMgiia as of May 25, 2004. “Active user”
is defined as anyone who has established an acaadrun at least one query. The table also
identifies new users since the release of Build 3.

10 Conklin, JamedData Imputation Strategies for Transportation Maratent SystemMasters Thesis, University
of VA, May 2003.
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User Group

Organization

New
User

Project
Stakeholder

Hampton Roads Smart Traffic Center

Hampton Roads Planning District Commissio

—4

City of Hampton

Hampton Roads Transit

VDOT - Central Office

Virginia Transportation Research Council

City of Norfolk

NOVA Safety Service Patrol

NOVA Smart Traffic Signal System

Researcher

MIT

NC State University

University of Maryland

Auburn University

UVA — Smart Travel Lab

Texas A&M University

University of Delaware

University of Kentucky

External User

Kimley-Horn and Associates, Inc.

P. B. Farradyne

Airsage

DMJM + Harris

ESRI

FDOT

Geodecisions

lllinois DOT

Maryland SHA

Minnesota DOT

Battelle

Mitretek Systems

New York DOT

NANANAN

PBS&J

FHWA

FHWA

Evaluation
Team

SAIC

=N EN N

Cambridge Systematics, Inc.

1

Development
Team

UVA — Smart Travel Lab

10

Open Roads Consulting, Inc.

2

George Mason University

1

Source: Earnest, Ken, Build 3 — Performance Analeport, June 7, 2004
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There were a total of 77 active users that arggoaiteed into one of six user groups: Project
Stakeholder, Researcher, External User, FHWA, Etan Team, and Development Team.
There were 36 additional users (scattered amongitheser groups) that have established an
account but have not used the system.

Figure 3 shows the types of queries submitted bysuduring the initial phases of Build 3. AT
least at this stage, the predominant usage isavaldaded of measurement data fro individual
traffic detectors. This is consistent with theemiews of planning personnel who said their
primary use was (and would continue to be for timtsterm), data to feed other applications.
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3.3.3.4 Hypothesis 8: The ADMS Has Satisfactorilfused Data from Different Sources

Goal: Applications and Queries Can Access and Disparate Forms of Data

Discussion: ADMS Virginia has successfully fused traffic, ident, and weather data into a
variety of applications. It has done so by redatifyany potential location referencing problems,
as discussed in the interviews in the previous@ectThe applications that plot or use these
different data sources all perform satisfactotigsed on the limited experience of the users
(mostly in exploratory fashion rather than for us@lanning or operations applications). The
successful fusion of traffic, incident, and weattiata will allow more complex analyses of
system conditions oin the future, such as decompgdsital congestion into its component
sources and documenting the performance beneifit épperations strategies (such as incident
management.)

-62 -



4. EVALUATION SUMMARY AND LESSONS LEARNED

This section summarizes the experiences of theulatiah Team and provides some thoughts on
what was learned and may be applied to future ARME&Iopment.

From a development perspective, ADMS Virginia is exemplary archived data
management system that can serve as a model foreékseof country. The Evaluation

Team found the physical design of the system te ladivof the main features of an ADMS as
defined by FHWA, the National ITS Architecture, andrent ITS standards. The relatively
long list of users from outside of Virginia explogi the system’s capabilities is another
indication of the ADMS’s successful deployment.sbme cases, ADMS Virginia has
broken new ground on the methods used to procesprasent data, including:

0 Serious attention tpost hoadata quality control, including the flagging of@mneous,
suspicious, or missing data

0 An advanced imputation algorithm to adjust for nmgsiata

o Providing users with metadata, both about the aecsiructure and about processing
steps (quality control and imputation)

o Fusion of traffic, incident, and weather data sat they are geographically consistent

0 Repackaging of archived data into user-defined &spsuch as AADT reports and
simulation model inputs

Professional software engineering and Informatiore€hnology principles aids ADMS
development The ADMS Virginia development team chose a higlttuctured approach to
design and implementation that worked extremely imelerms of delivery (on-time and
within budget). Highlights of this process thahdge adopted by ADMS developers
elsewhere include:

0 User requirements process — heavy and early innwe of stakeholders
Incremental “Builds” — which allowed users to segyversions of the system
Structured programming, common web-based tools

Metadata provision

Map-based interface

Searchable help

O O O O O O

Documentation

Data quality and availability are the overriding &ures of an ADMS that will promote its
usage. Traffic data from ADMS Virginia was not routinelysed to improve operations in
the Hampton Roads or Northern Virginia areas dutiiegevaluation period (incident data
are being used in Hampton Roads to assess themaigsponse program). This was
primarily due to inconsistent data quality for mwfithe Hampton Roads area. VDOT has
been aware of the data quality problem and haststeps to improve field installation and
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maintenance procedures of detectors. Quality obtgsts show that quality is improving in
Hampton Roads as a result of these actions. Raltesers of an ADMS must have
confidence in the quality of data before they adtively use the data for their applications.
The Evaluation Team heard statements to this dfifect most of the interviewees.

Having event data in addition to traffic data staten an ADMS enhances its usefulness.
For the most part, the term “archived ITS datajeserally considered by the transportation
profession to be traffic data from roadway detex{wplumes, speeds, and occupancies).
However, fusing traffic data with event data (eilgcjdents, work zones, weather, and
sporting events) — and even analyzing event datag@nown — can have significant benefits
for system operators and planners. As noted pusiypHRSTC is using incident data to
evaluate its incident response plan. ADMS Virgialiso includes weather and special event
data, and while the system does not currently delkpplications for them, future
applications are likely to take advantage of them.

An existing performance monitoring program — or affort to develop one — would most
likely increase ADMS use substantiallin Hampton Roads, there was not an ongoing
performance monitoring program either at HRSTC BPBC during the evaluation period.
However, both agencies recognize the value of padace monitoring on its own merits,
and in HRSTC's case, VDOT's consideration of amagevide performance monitoring
program will provide extra incentive to implemennanitoring program. Currently,
HRPDC does a limited amount of planning-level attias part of their Congestion
Management System (CMS) program, but detailed dipeed performance (e.g. HOV
evaluation) is not done routinely (when performieéd,done as a special study). Both
agencies recognize that the ADMS would be the pyreaurce of data for a performance
monitoring program, given the expense of collectiatp solely for this purpose.
Deployment of the ADMS will support HRSTC's ability implement performance
monitoring in the region.

From a planning perspective, a drawback of currentieployed ADMSs (including ADMS
Virginia) is the limited amount of highways coverday surveillance systemsRegional
planning efforts require performance informationneajor highways throughout an area. In
most cities, ITS is typically only deployed on mafe@eways. Expansion to all freeways and
at least signalized arterials would provide addaianformation for planning purposes. A
related issue is how to combine performance measnts from ITS with performance data
from models — there is a concern that they mayeantirely compatible.

State Departments of Transportation, which havedronally been focused on highway
construction and maintenance, are still transitiamg into operations The Evaluation

Team has observed this informally in other partefcountry and VDOT is now pursuing
improved traffic management capabilities, but gpes of applications that could take
advantage of an ADMS (e.g., performance monitoand advanced route guidance) have
not yet been developed. Indeed, there are ordwastate DOTSs that currently engage in
such activities (though their ranks are growingPOT personnel in both Hampton Roads
and Northern Virginia cited this as something theyld need to embrace in the near future
(interviewees noted that there is already a topllperformance measurement initiative afoot
at VDOT) and recognized that the ADMS would berist useful source of information.

In general, as operations strategies become malesptiead and sophisticated, their data

-64 -



requirements will also increase, making the neteg@éinot the value) for an ADMS even
more self-evident.

TMC standard operating procedure manuals and op@racontract stipulations must be
considered during the ADMS design process - impletagion of the system will likely
require operators to engage in new activitie§.or example, because staffing of the
Hampton Roads TMC is contracted out, the contriadt gerform those tasks assigned to
them in that contract, or that can be directly meas as part of the evaluation of their
performance (this is not a shortcoming of usingti@mors, which in the Hampton Roads
case seems to work very well). It's just that remtivities are time consuming and staff
levels are negotiated under a particular worklasimption. Reporting on freeway
performance has not been assigned to the TMC atatsa and is not used as a measure of
the contractor’'s performance. Consequently, rappdn freeway performance cannot be
undertaken without a contract modification or sastteer change.

If a software application (including an ADMS integce) is not part of the TMC software
and displayed on the main console, its use is @anyted. TMC operators are extremely
busy when managing traffic in real-time. Any additl workload such as accessing an
ADMS must be fully integrated into their normal og@igng software rather than an adjunct
system. Similarly, the software must be capablessembling information very quickly and
with a minimum of input/query structure from theeogtor.

An ADMS can supply the data for operational planrgrand evaluation of operations
programs, but this is a relatively new activity fdMCs. The operators of HRSTC currently
perform relatively little operational planning; legison the Evaluation Team’s experience in
other areas, this is very common, but there is sitmvement toward engaging in these
activities. HRSTC operators are active users of¢aétime data available at the TMC, but
their viewpoint, when asked about their use ofatahives was that the archives are a study
tool and that their mission is to operate the fr@gaystem. While at first glance this
viewpoint appears to be short-sighted or uninfornited in fact a reasonable response given
their current contractual relationship with VDOT ialinfocuses on day-to-day operations
and not planning for operations.

HRPDC seems to be the group that performs evaluagiand studies, but they play no
active role in the day-to-day operation of the fueay system.Therefore, they do not
currently have a direct interest in using perforoganalysis as a roadway management
improvement tool. Instead, HRPDC is primarily cemed with conducting traditional
planning studies and meeting the federally requiegarting requirements. Given very
limited resources, and their need to perform thesbtional metropolitan planning
organization (MPQO) data reporting tasks, theirregéin performing studies of operational
improvements does not translate into active purdfudietailed freeway performance
reporting. They are interested, however, in ugibiMS-derived data to augment their CMS
(e.g., incident characteristics and delay), butctimeent CMS is still at a fairly high level
rather than at a detailed operational level. HRRr®&lso very interested in moving into the
“Planning for Operations” mode, but like most MP@isy are struggling to determine
exactly what functions they should be doing in #imsna. HRPDC recognizes that data
provided by the ADMS would help with many prospeetapplications possible under the
“Planning for Operations” rubric.
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* Integration of planning and operations functions Winot only foster ADMS usage, but
will require it to supply required dataFeedback should be established between the staff in
charge of making day-to-day operational decisionsthe staff responsible for performing
‘studies’ that could give direction as to how thdsg-to-day tasks (or regional policies)
might be modified to achieve better operationafqggerance. The effectiveness of
operational procedures should be assessed petlgdicarder to adjust those procedures.
An ADMS is the logical source of data for suchatyi FHWA guidance on how to
undertake “Planning for Operations” would be veejpiful in this regard.

* Even with system availability and system performaraoncerns, ADMS Virginia
stakeholders see a high potential for using thetsys in their applications.In Northern
Virginia, system availability and the slowness oéges were the major impediments to
usage during the evaluation period when the int@rsiwere conducted. However, both
these issues were addressed in Build 4.1 aftentberziews were performed. The potential
of the ADMS is not only recognized by end usersdisb by VDOT management, who are
funding the maintenance and expansion of the syst@me planners at HRPDC and the
VDOT operators in Northern Virginia all expressedieement at th@otential of the
ADMS, meaning that it may take a little time beftiat potential can be realized. This leads
us to the observation that:

* ltis likely that productive use of ADMS Virginia iV have to wait for it become more fully
populated with data and for users to gain experiengith what the ADMS can doln that
sense, it may make sense to re-visit the evaluatianother 12 months to see what has
changed.

» Traditional and operational planning — rather thareal-time uses — will remain the
predominant applications to be supported by ADM&ntil an advanced real-time
application that uses archived data is develogsted, and imbedded into TMC software,
the Evaluation Team believes that operational igeddSs will be restricted to operational
planning. Such an advanced application may contleeiiorm of short-term traffic
forecasting, whereby historical information is uséahe or in combination with real-time
data. The Evaluation Team is aware of only oné& syoplication that is not in “research
mode” — one of the traveler information componaidttheiFlorida model deployment
initiative. However, it is clear that both operatand planners can effectively use an ADMS
for planning and evaluation purposes, particulagyart of an ongoing program rather than
a special study.

* Initial users of ADMS Virginia tend to be “power w&ss”. The most common queries
submitted to ADMS Virginia were for downloads dadiffic detector data rather than
accessing the “built-in” functions. This may béditative of the nature of the users — early
adapters of new technology typically representntiost sophisticated user cohort, especially
in the information technology arena.

» Travel time reliability is not currently a focus 0ADMS Virginia functions, primarily due
to the difficulty converting detector speeds touehtimes. Although this concept is gaining
acceptance among transportation professionals, ADMgnia currently does not have any
built-in functions that compute reliability metriagther than the standard deviation of
detector speeds. Part of the problem noted by ADMd@nia developers is the accuracy of
transforming spot speeds from detectors to linketldsavel times. Simple procedures for
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doing so exist and are in use in other parts otthmtry, but the accuracy of such
conversions is largely unknown. In addition to tbehnical accuracy/usefulness of
converting speeds to travel times, we believe stakteholders did not identify reliability as a
requirement they needed met. However, the datpragent that would allow users to
compute travel times using their own procedured,than to compute reliability metrics
from these, if so desired in the future.

Training of end users and internal marketing of aADMS are needed to foster usag&he
Evaluation Team found that users experienced al $@aahing curve when trying to use the
system. Some level of training — however smakr avercome this initial learning curve.
Also, there did not appear to be an internal chamfriom a user’s perspective for ADMS
Virginia. The actual development of the ADMS dalvk strong advocates/champions, as
evidenced by its advanced functionality and itscegs in deploying ahead of schedule and
within budget. But there wasn’t a clear champiastpng the potentialsesof an ADMS
such as performance measurement, ongoing evalaabonther forms of operational
planning. Securing support among the end usernsh—ggard to what applications the
ADMS can actually perform to enhance their job tiots — is seen as a way to foster use of
an ADMS.
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